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Thousands of 









Wellcovorin Tablets are dramatically improving the way 
patients are rescued. Often discharged from the hospital 
earlier, more patients are completing their therapy on an 
outpatient basis and 

returning to a more 

normal, comfortable 
lifestyle sooner. 





F | \ 


DIN 
™ VU 


c Burroughs W 
3030 Cornwall 


Wellcome | Research Triang 


atients Rescued 








WELLCOVORIN TABLETS 


(leucovorin calcium) 





For thousands of patients, Wellcovorin Tablets have provided the 
critical blood levels needed for life-saving rescue. The unique 
formulation of Wellcovorin Tablets has been shown to be completely 
bioavailable in a bioavailability study of 120 normal volunteers.' 


‘Blum, Guaspari, et al: NCI Folate Symposium, Jan. 1986 












Wellcovorin Tablets have reduced the cost of leucovorin rescue 
significantly. Before Wellcovorin Tablets, the cost of leucovorin 

increased rapidly and consistently every year. Now, patients pay 
less for Wellcovorin Tablets, and often realize considerable 
savings from a reduction in hospital stays and clinic visits. 















For greater flexibility in oral dosing, Wellcovorin Tablets'are 
available in two sizes: 5 mg (scored, bottles of 20 or 100) arid 
25 mg (scored, bottles of 25). : 
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WELLCOVORIN TABLETS 


(leucovorin calcium) 


Leucovorin in convenient 
5 mg and 25 mg tablets 


Before prescribing WELLCOVORIN® Tablets, please consult 
complete prescribing information. The following is a brief 
summary. 
INDICATIONS AND USAGE: Wellcovorin (leucovorin 
calcium) is indicated for the prophylaxis and treatmert of un- 
desired hematopoietic effects of folic acid antagonists (see 
WARNINGS) 
CONTRAINDICATIONS: Leucovorin is improper therapy 
for pernicious anemia and other megaloblastic anemias 
secondary to the lack of vitamin B. A hematologic remission 
may occur while neurologic manifestations remain 
progressive 
WARNINGS: In the treatment of accidental overdosage of 
folic acid antagonists, leucovorin should be administered as 
promptly as possible. As the time interval between antifolate 
administration (e.g. methotrexate) and leucovorin rescue 
increases, leucovorin s effectiveness in counteracting hema 
tologic toxicity diminishes 
PRECAUTIONS: 
General: Following chemotherapy with folic acid antag 
onists, parenteral administration of leucovorin is preferable 
to oral dosing if there is a possibility that the patient may 
vomit and not absorb the leucovorin. In the presence of perni- 
cious anemia a hematologic remission may occur while 
neurologic manifestations remain progressive. Leucovorin 
has no effect on other toxicities of methotrexate, such as the 
nephrotoxicity resulting from drug precipitation in the kidney 
Drug Interactions: Folic acid in large amounts may counter 
act the antiepileptic effect of phenobarbital, phenytoin and 
primidone, and increase the frequency of seizures in suscep- 
tible children. 
Pregnancy: Teratogenic Effects: Pregnancy Category C 
Animal reproduction studies have not been conducted with 
Wellcovorin. It is also not known whether Wellcovorin can 
cause fetal harm when administered to a pregnant woman or 
can affect reproduction capacity. Wellcovorin should be given 
to a pregnant woman only if clearly needed. 
Nursing Mothers: It is not known whether this drug is ex- 
creted in human milk. Because many drugs are excreted in 
human milk, caution should be exercised when Wellcovorin 
is administered to a nursing mother. 
Pediatric Use: See " Drug Interactions " 
ADVERSE REACTIONS: Allergic sensitization has been 
reported following both oral and parenteral administration of 
folic acid 
OVERDOSAGE: Excessive amounts of leucovorin may 
nullify the chemotherapeutic effect of folic acid antagonists. 
DOSAGE AND ADMINISTRATION: Leucovorin is a spe- 
cific antidote for the hematopoietic toxicity of methotrexate 
and other strong inhibitors of the enzyme dihydrofolate reduc- 
tase. Leucovorin rescue must begin within 24 hours of anti 
folate administration. A conventional leucovorin rescue 
dosage schedule is 10 mg/nr orally or parenterally followed 
by 10 mg/m orally every six hours for seventy-two hours. If, 
however, at 24 hours following methotrexate administration 
the serum creatinine is 50% or greater than the pre-metho- 
trexate serum creatinine, the leucovorin dose should be im 
mediately increased to 100 mg/m’ every three hours until the 
serum methotrexate level is below 5 x 10M. 
The recommended dose of leucovorin to counteract hemato 
logic toxicity from folic acid antagonists with less affinity for 
mammalian dihydrofolate reductase than methotrexate (i.e 
trimethoprim, pyrimethamine) is substantially less and 5 to 15 
mg of leucovorin per day has been recommended by some 
investigators. 5.5. 
|. Bleyer WA: The Clinical Pharmacology of Methotrexate. Cancer 
41(00:36-81, 1978 
2. Frei E, Blum RH, Pitman SW, er al: High Dose Methotrexate with 
Leucovorin Rescue: Rational and Spectrum of Antitumor Activity. Am J 
Med, 68:370-376, 1980 
3. Golde DW, Bersch N, Quan SG: Trimethoprim and Sulpha-methoxazole 
Inhibition of Haematoporesis in Vitro. Br J Haematol, 40(3); 363-367 
1978 
4. Steinberg SE, Campbell CL, Rabinovitch PS, er al: The Effect of 
Trimethoprim/Sulfamethoxazole on Friend Erythroleukemia Cells 
Blood, 55(3): 501-504. 1980 
5. Mahmoud AAF and Warren KS: Algorithms in the Diagnosis and 


Management of Exotic Disease. XX Toxoplasmosis. J Infect Dis. 135(3) 
493-496, 1977 
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When workers aren't there, 
business doesn't work. 





Each year cancer strikes 
120,000 people in our work 
force, and causes our economy 
to lose more than $10 billion in 
earnings. Earnings that 
American workers might still be 
generating if they had known 
the simple facts on how to 
protect themselves from 
cancer 

Protect your employees, your 
company, and yourself. . .call 
your local unit of the American 
Cancer Society and ask for 
their free pamphlet, "Helping 
Your Employees to Protect 
Themselves Against Cancer 
Start your company on a policy 
of good health today! 


AMERICAN 
CANCER 
* SOCIETY" 
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American Diagnostica, Inc. offers an 
array of innovative products for the 
study and diagnosis of thrombotic and 
bleeding disorders: 


ki: and methods for Protein C 
antigen and functional activity assay 
in plasma; reagent for Protein S 
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coagulation factor, heparin, Protein C, 
kallikrein and endotoxin assays 


! D 
F ' onocona antibody based kits for o -o C 
determination of soluble cross-linked — ES o Blood Coagulation 
fibrin fragments in plasma and serum €E: 


l . 
r onocional antibody panels to 
hemostasis related antigens; activator 
and coagulation factor zymogens, = 
enzymes and inhibitors Fibwinotyss 


for information contact: 


AMERICAN DIAGNOSTICA, INC. 


Prof Bjorn Wimar 














111 North St./ Greenwich, CT/06830 — In Canada: Inter-Haematol Inc. 3524 Mainwa! 
203-661-4331/1LX:221034 AMER UR Burlington, Ont. L7M 1A8, Tel. 416/335-3003 


1 


CONTENTS 








The Journal of 


BLO OD The American Society of Hematology 








VOL 68, NO 4 OCTOBER 1986 
CONTENTS 
Review: The Liabilities of Iron Deficiency ........... sss James D. Cook and Sean R. Lynch 803 
Ca?* and Phospholipid- Dependent Protein Kinase (Protein Kinase C) Activity Is Not Necessarily Required for 
Secretion by Human Neutrophils.................... Kenneth J. Balazovich, James E. Smolen, and Laurence A. Boxer — 810 
Antilymphocytic Antibodies and Marrow Transplantation. VIII. Recipient Conditioning With Clq-Affine 
Monoclonal Anti-Pan T Antibodies Prevents GVHD in Homozygous Fully Mismatched Mice 
Stefan Thierfelder, Udo Kummer, Rolf Schuh, and Josef Mysliwietz — 818 
Prostacyclin Expression by a Continuous Human Cell Line Derived From Vascular Endothelium.....Joseph E. Suggs, 
Michael C. Madden, Mitchell Friedman, and Cora-Jean S. Edgell ^ 825 
Corticosteroids Reversibly Inhibit Chemotactic Peptide-Receptor Binding and Granulocyte Response, yet Allow 
Desensitization and Receptor Down-Regulation ........................ Keith M. Skubitz and Dale E. Hammerschmidt — 830 
What Should Be the Morphologic Criteria for the Subdivision of Follicular Lymphomas? .......... Bharat N. Nathwani, 
Gerald E. Metter, Thomas P. Miller, Jerome S. Burke, Risa B. Mann, Maurice Barcos, Carl R. Kjeldsberg, 
Dennis O. Dixon, Carl D. Winberg, Clarence C. Whitcomb, and Stephen E. Jones — 837 
Leu 11* Ty Cell Chronic Lymphocytic Leukemia With Partially Activated Natural Killer Function and Its Further 
Activation by Recombinant IL2 In Vitro......... Shinichi Tagawa, Yukihiro Tokumine, Etsuko Ueda, Koji Waki, 
Yoshio Kanayama, Nobuhiro Taniguchi, Toshihiro Nakanishi, Ryoichi Inoue and Teruo Kitani — 846 
Purification and Functional Evaluation of Mature Neutrophils From Human Bone Marrow.............. Roger L. Berkow 
and Robert W. Dodson 853 
Characterization of Host Cells Involved in Resistance to Marrow Grafts in Dogs Transplanted From Unrelated 
DLA-Nonidentical Donors... Robert F. Raff, H. Joachim Deeg, Thomas P. Loughran, Jr, 
Theodore C. Graham, Joseph A. Aprile, George E. Sale, and Rainer Storh — 861 
The Use of the Dilute Russell Viper Venom Time for the Diagnosis of Lupus Anticoagulants 
Perumal Thiagarajan, Vittorio Pengo, and Sandor S. Shapiro 869 
Complement Proteins C5b-9 Stimulate Procoagulant Activity Through Platelet Prothrombinase 
Therese Wiedmer, Charles T. Esmon, and Peter J. Sims — 875 
Functional and Immunologic Protein S Levels Are Decreased During Pregnancy „ireren Philip C. Comp, 
Gary R. Thurnau, Joy Welsh, and Charles T. Esmon — 881 
Trial of Repeated Low-Dose Aspirin in Diabetic Angiopathy .............sssss Giovanni DiMinno, Melvin J. Silver, 
Anna M. Cerbone, and Scott Murphy 886 
Immunoreactive Erythropoietin Concentrations in Fetal and Neonatal Rats and the Effects of Hypoxia 
Gisela K. Clemons, Sherry L. Fitzsimmons, and Darlene DeManincor — 892 
The Contribution of Cytochemistry and Immunophenotyping to the Reproducibility of the FAB Classification in 
Acute Leukemia .......... sess George P. Browman, Peter B. Neame, and Praniti Soamboonsrup — 900 
Multilineage Hematopoietic Growth Factor Interleukin 3 and Direct Activators of Protein Kinase C Stimulate 
Phosphorylation of Common Substrates ...................... Stuart W. Evans, Donna Rennick, and William L. Farrar 906 
Variant Chronic Granulomatous Disease: Modulation of the Neutrophil Defect by Severe Infection 
Peter E. Newburger, F. William Luscinskas, Thomas Ryan, Clair J. Beard, Jonathan Wright, Orah S. Platt, 
Elizabeth R. Simons, and Alfred I. Tauber — 914 


(Continued on following page) 


vi CONTENTS 


(Contents continued) 


Ultrastructural Studies of the Interaction of Spectrin With Phosphatidylserine Liposomes................ Amos M. Cohen, 
Shih-Chun Liu, Laura H. Derick, and Jiri Palek 


Platelet-Collagen Interaction: Inhibition by Ristocetin and Enhancement by von Willebrand Factor—Platelet 
Binding: eee Frank M. LaDuca, Richard E. Bettigole, William R. Bell, and Elean B. Robson 


Cytotoxicity of Interleukin 2-Activated Lymphocytes for Leukemia and Lymphoma Cells................... Kazuo Oshimi, 
Yoko Oshimi, Miyuki Akutsu, Yayoi Takei, Hiroshi Saito, Michiko Okada, and Hideaki Mizoguchi 


t(14;14)(q11;q32) in Biphenotypic Blastic Phase of Chronic Myeloid Leukemia... Nicole Dastugue, 
Emilienne Kuhlein, Eliane Duchayne, Francis Roubinet, George Bourrouillou, Michel Attal, Jacques Pris, 
and Pierre Colombies 


CONCISE REPORTS 


Recipient Immune-Competent T Lymphocytes Can Survive Intensive Conditioning for Bone Marrow 
"Transplantation «issued eere e reste OPER Hans Anna Butturini, Robert C. Seeger, and Robert P. Gale 


Rearrangement of the bcr Gene in Philadelphia Chromosome- Negative Chronic Myeloid Leukemia 
T.S. Ganesan, F. Rassool, A-P. Guo, K.H. Th'ng, C. Dowding, J.A. Hibbin, B.D. Young, H. White, 
T.O. Kumaran, D.A.G. Galton, and J.M. Goldman 


A De Novo Intragenic Deletion of the Potential EGF Domain of the Factor IX Gene in a Family With Severe 
Hemophilia B.................. M. Vidaud, C. Chabret, C. Gazengel, L. Grunebaum, J.P. Cazenave, and M. Goossens 


The Spectrum of 8-Thalassemia Genes in China and Southeast Asia ............ Haig H. Kazazian, Jr, Carol E. Dowling, 
Pamela C. Waber, Shangzhi Huang, and Wilson H.Y. Lo 


c-myc and c-fos Expression During Interferon-a Therapy for Hairy Cell Leukemia...... Pierre Lehn, Francois Sigaux, 
David Grausz, Pascale Loiseau, Sylvie Castaigne, Laurent Degos, Georges Flandrin, and Francois Dautry 


The 18- to 23-kb Deletion of the Macedonian 66-Thalassemia Includes the Entire ô and 8 Globin Genes 
G.D. Efremov, N. Nikolov, Y. Hattori, I. Bakioglu, and T.H.J. Huisman 


Acute Lymphoblastic Leukemia in Infants: Evidence for B Ceil Origin of Disease by Use of Monoclonal Antibody 
Phenotypihg inisini arria e iced ere t ERR eed tpe eet Patricia A. Dinndorf and Gregory H. Reaman 


SPECIAL DEPARTMENTS 


Anrnouhcements. beue mono pe a AO El niet d ri e tr E AOE psp ect da? 


Information for Contributors... eere eren eerte aaa ia aeaa trenta tenete eene eaa niaise aa XXX, X2 


Advertisers Index A N AE edet no eri e teni deett te er ac a eee e UR e Rew 


920 


927 


938 


949 


954 


957 


961 


964 


967 


971 


975 


CONTENTS vii 





Effective January 1, 1986, all manuscripts submitted to BLOOD and subsequently accepted for 
publication will be assessed a $30.00 charge per published page. This charge is necessary to offset the 
increasing costs of publication. 


All manuscripts submitted for consideration for publication in BLOOD should be sent to: John W. 
Adamson, MD, Editor, BLOOD, University District Building—Room 410, 1107 NE 45th St, Seattle, 
WA 98105. Telephone: (206) 545-8080. 


Please note that a processing fee of $50.00 must accompany each manuscript submitted for 
publication in BLOOD. 


The American Society of Hematology certifies that the continuing medical education offering 
provided by BLOOD, The Journal of The American Society of Hematology, meets the criteria for up 
to 22 hours of credit in Category 5(a) for the Physician's Recognition Award of the American Medical 
Association. 








‘Todays IGIV 


For immunodefi- 
ciency syndromes: 
aggressive protec- 
tion against 
infection 


Patients without 
sufficient levels 
of antibodies face 
overwhelming 
infection, and they need 
help. Infusion with 
GAMIMUNE'" N gives 
these patients the edge 
that may make the 
difference: antibodies 
against major bacterial, 
viral and fungal 
pathogens. . .in just 
minutes. 


For both chronic 
and acute ITP 
in children and 
adults: rapid 
elevation of 
platelet levels 


GAMIMUNE' N 
may initiate a therapeutic 
increase in platelets 
in both children and 
adults with idiopathic 
thrombocytopenic 
purpura (ITP).'** 
Treatment with 
GAMIMUNE' N has. 
enabled some ITP 
patients to undergo 
major surgery.' 






Dont settle for less. 
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IGIV thats at 
least 9876 pore 
gamma globulin 
Cutter's fractionation 
method (Cohn-Oncley 
6 & 9) contains all the 
necessary steps to 
produce high purity 
immune globulin. 
GAMIMUNE 'N 
contains no foreign 
contaminants, no 
detectable levels of 
protein aggregates or 
vasoactive enzymes.^ | 
With GAMIMUNE'N 
you get what you expect | 
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AMIMUNE N 


Immune Globulin 
Intravenous (Human) 5% 
(in 10% Maltose), pH 4.25 

































e "Documented in 


EU vitro inactivation 
of HTLV-III virus 


"The Cohn-Oncley process 
used to produce GAMIMUNE*N 
has been challenged im vitro with 
a virus spike of 1 x 10° of HTLV- 
III and found to remove and/or 
inactivate the viral challenge. In 
addition, GAMIMUNE"N 
undergoes an incubation step as a 
final container which has been 
shown to effect an additional 1 x 
10° to 1 x 10* reduction of HTLV- 
III." In a separate study of 
intravenous immune globulins 
conducted by the Food and Drug 
Administration, an in vitro 
challenge at each of the six Cohn- 
Oncley fractionation steps using 
HTLV-II] demonstrated a 
cumulative reduction of greater 
than 1 x 10'* infectious units.* 


Todays simple, 
economical IGIV: | 
the only ready- 
to-use liquid 

Dose for dose, 
GAMIMUNE' N saves 
money by eliminating 
valuable reconstitution 
time in the pharmacy. 
Gram for gram of 
protein, GAMIMUNE' N 
is affordable; there is no 
premium price for 


TODAY'S IGIV. 
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"Native" IGIV 
GAMIMUNE N is 
manufactured without 
chemical modification. 
This means 
GAMIMUNE'N 
antibodies maintain 
normal opsonization 
capacity, have a normal 
distribution of IgG 
subgroups and provide 
the immunologic activity 
of normal plasma. ' 










Vletists imterpretatim of HTLV-41 vine 








*It is not possible to predict which 
patients with ITP will respond to 
therapy. 

In patients who respond to therapy, a 
rise in platelet count is generally rapid 
(within 1 to 5 days), transient (most 
often lasting from several days to 
several weeks) and should not be 
considered curative. 


From the original IGIV todays IGIV...it offers more 


Please see following page for brief summary of prescribing information 


Gamivune N 


Immune Globulin 
Intravenous (Human) 5% 
(in 10% Maltose), pH 4.25 


CLINICAL PHARMACOLOGY 

Gamimune" N supplies a broad spectrum of opsonic and neutralizing IgG antibodies for 
the prevention or attenuation of a wide variety of infectious diseases. As Gamimune* Nis 
administered intravenously, essentially 100% of the infused IgG antibodies are immedi- 
ately available in the recipient's circulation. A relatively rapid fail in serum IgG level in the 
first week post-infusion is to be expected, this decrease averages 50% of the peak level 
achieved immediately post-infusion and is mainly due to the equilibration of IgG between 
the plasma and the extravascular space. The in vivo half-life of Gamimune* N equals or 
exceeds the three week half-life reported for IgG in the literature, but individual patient 
variation in half-life has been observed. Thus. this variable as well as the amount of 
immune globulin administered per dose is important in determining the frequency of 
administration of the drug for each individual patient 

The intravenous administration of solutions of maitose has been studied by several 
investigators. Healthy subjects tolerated the infusions well, and no adverse effects were 
observed at a rate of 0.25 g maltose/kg body weight per hour. In safety studies conducted 
by Cutter Biological, infusions of 10% maltose administered at 0.27-0.62 g maitose/kg 
per hour to normal subjects produced either mild side effects (e.g. headache) or no 
adverse reaction. Following intravenous administrations of maltose, maltose was 
detected in the peripheral blood: there was a dose-dependent excretion of maltose and 
glucose in the urine and a mild diuretic effect. These alterations were well tolerated with- 
out significant adverse effects. The highest recommended infusion rate, 0.08 mL/kg 
body weight per minute (see DOSAGE AND ADMINISTRATION), is equivalent to 0.48 g 
maltose/kg body weight per hour 

The buffer capacity of Immune Globulin Intravenous (Human) 5% (in 10% Maitose), pH 
4.25--Gamimune* N is 16.5 mEq/L ( ~ 0.3 mEQ/g protein): a dose of 150-400 mg/kg (3-8 
mL/kg) body weight therefore represents an acid load of 0.0495-0.1320 mEq/kg body 
weight. The total buffering capacity of whole blood in a normal incividual is 45-50 mEq/L 
of blood, or 3.6 mEqg/kg body weight. Thus, the acid load delivered in the largest dose of 
Gamimune"* N would be neutralized by the buffering capacity of whole blood alone, even if 
the dose were infused instantaneously. (An infusion usually lasts several hours.) 

In Phase | human studies, no change in arterial blood pH measurements was detected 
following the intravenous administration of Gamimune"* N at a dose of 150 mg/kg body 
weight; following a dose of 400 mg/kg body weight in 37 patients. there were no clinically 
important differences in mean venous pH or bicarbonate measurements in patients who 
received Gamimune* N compared with those who received a chemically modified intra- 
venous immunoglobulin preparation with a pH of 6.8 

In patients with limited or compromised acid-base compensatory mechanisms, consid- 
eration should be given to the effect of the additional acid load Gamimune* N might 
present. 

INDICATIONS AND USAGE 

immunodeficiency Syndromes: Gamimune"* N is indicated for the maintenance treat- 
ment of patients who are unable to produce sufficient amounts of IgG antibodies. Usage 
of Gamimune" N may be preferred to that of intramuscular immunoglobulin preparations. 
especially in patients who require an immediate increase in intravascular immunoglobulin 
levels, in patients with a small muscle mass, and in patients with bleeding tendencies in 
whom intramuscular injections are contraindícated. It may be usec in disease states such 
as congenital agammaglobulinemia (e.g.. X-linked agammaglobulinernia), common varia 

bie hypogammaglobulinernia, X-linked immunodeficiency with hyper IM and in severe 
combined immunodeficiency. 

Idiopathic Thrombocytopenic Purpura (ITP): Investigations in both children and adults 
have shown that Gamimune* N may initiate a therapeutic increase in the platelet count. iri 
clinical studies of Gamimune* N, five of six (83.396) children and 10 of 16 (62.5%) adults 
with acute or chronic ITP demonstrated clinically significant increments in the platelet 
count during or following an initial treatment course with Gamimune* N at a dose of 400 
mg/kg body weight daily for five days. The-duration of the platelet rise following treatment 
of ITP with Gamimune* N was variable, ranging from several days up to 12 months or 
more. Several ITP patients demonstrated continuing responsiveness over many months 
to intermittent Gamimune* N 400 mg/kg body weight single dose maintenance courses 

Two of three children with acute ITP treated with Gamimune* N rapidly went into complete 
remission. However, childhood ITP may respond spontaneously without treatment. Four 
patients with refractory ITP were able to undergo major surgical procedures as a result of 
the rapid rise in platelet count associated with Gamimune* N treatment, 

In addition, one patient with severe thrombocytopenia due to post-transfusion purpura 
(PLA: alloimmune antibody with platelet anti PLA! specificity) also responded to treatment 
with Gamimune* N, at a dose of 400 mg/kg body weight daily for 5 days: there was a rapid 
rise in the platelet count commencing on the third day of treatment. 

it is presently not possible to predict which patients with ITP will respond to therapy. 
although the increase in platelet counts in children seems to be better than that of adults 
in clinical situations in which a rapid rise in platelet count is needed to control bleeding or 
to allow a patient with ITP to undergo surgery. administration of immune Globulin Intra- 
venous (Human) 5% (in 1096 Maltose), pH 4.25— Gamimune* N should be considered: in 
patients in whom a response is achieved, the rise of platelets is generally rapid (within 1-5 
days). transient (most often lasting from several days to several weeks) and should not be 
considered curative. In some patients who relapse. a maintenance dose of Gamimune" N 
administered every several weeks may be of benefit once the platelet count decreases to 
clinically hazardous levels (see DOSAGE AND ADMINISTRATION). 

CONTRAINDICATIONS 

Gamimune* Nis contraindicated in individuals who are known to have had an anaphylactic 
or severe systemic response to Immune Globulin (Human) individuals with selective IgA 
deficiencies who have known antibody against IgA (anti-IBA antibody) should not receive 
Gamimune"* N since these patients may experience severe reactions to the IgA which may 
be present 





WARNINGS 
Gamimune* N should be administered only intravenously as the intramuscular and subcu- 
taneous routes have not been evaluated. 

Gamimune* N may, on rare occasions, cause a precipitous fall in blood pressure and a 
clinical picture of anaphylaxis, even when the patient is not known to be sensitive to 
immune globulin preparations. These reactions may be related to the rate of infusion 
Accordingly, the infusion rate given under DOSAGE AND ADMINISTRATION should be 
ciosely followed. at least until the physician has had sufficient experience with a given 
patient. The patient's vital signs should be monitored continuously and careful observa- 
tion made for any symptoms throughout the entire infusion, Epinephrine should be avail- 
abie for the treatment of an acute anaphylactic reaction 
PRECAUTIONS 
General: Any vial that has been entered should be used promptly. Partially used vials 
shouid be discarded. Do not use if turbid. Solution which has been frozen should not 
be used. 

Drug Interactions: if dilution is required, Gamimune* N may be diluted with 595 dextrose 
in water (D5/W). No other drug interactions or compatibilities have been evaluated. It is 
recommended that infusion of Gamimune* N be given by a separate line. by itself, without 
mixing with other intravenous fluids or medications the patient might be receiving 
Pregnancy Category C: Animal reproduction studies have not been conducted with 
Gamimune* N. It is not known whether Gamimune* N can cause fetal harm when admin- 
istered to a pregnant woman or can affect reproduction capacity. Gamimune^ N should 
be given to a pregnant woman only if clearly needed. 

ADVERSE REACTIONS 

In à study of 37 patients with immunodeficiency syndromes receiving Gamimune* N at à 
monthly dose of 400 mg/kg body weight. reactions were seen in 5.296 of the infusions of 
Gamimune* N. Symptoms reported with Gamimune* N included malaise, a feeling of 
faintness, fever, chills, headache, nausea. vomiting, chest tightness. dyspnea and chest, 
back or hip pain. In addition, mild erythema following infiltration of Immune Globulin Intra- 
venous (Human) 5% (in 10% Maitosej, pH 4.25--Gamimune* N at the infusion site was 
reported in some cases. 

In further studies of Gamimune* N in the treatment of both adult and pediatric patients 
with ITP systemic reactions were noted in only 4 of 154 (2.696) infusions, and all but one 
occurred at rates of infusion greater than 0.04 mL/kg body weight per minute. The symp- 
toms reported included chest tightness. a sense of tachycardia (pulse was 84 beats per 
minute). and a burning sensation in the head; these symptoms were all mild and transient, 
Erythema, pain, phlebitis. or eczematous reactions at the infusion site were also reported 
following infusion of Gamimune* N to adult ITP patients. These reactions occurred in 
11.6% of the infusions of Gamimune* N and in 43.8% of the adult ITP population. No 
pediatric patients experienced localized reactions at the infusion site 

In the studies undertaken to date, other types of reactions have not been reported with 
Gamimune* N. It may be, however, that adverse effects will be similar to those previously 
reported with intravenous and intramuscular immunoglobulin administration. Potential 
reactions, therefore, may also include anxiety, flushing, wheezing, abdominal cramps, 
myaigias, arthralgia, and dizziness; rash has been reported only rarely. Reactions to intra- 
venous immunoglobulin tend to be related to the rate of infusion. 

True anaphylactic reactions to Gamimune"* N may occur in recipients with documented 
prior histories of severe allergic reactions to intramuscular immunoglobulin, but some 
patients may tolerate cautiously administered intravenous immunoglobulin. without 
adverse effects. Very rarely an anaphylactoid reaction may occur in patients with no prior 
history of severe allergic reactions to either intramuscular or intravenous 
immunoglobulin 
DOSAGE AND ADMINISTRATION 
immunodeficiency Syndromes: The usual dosage of Gamimune* N for prophylaxis in 
immunodeficiency syndromes is 100-200 mg/kg (2-4 mL/kg) of body weight adminis- 
tered approximately once a month by intravenous infusion. If the clinical response 1s 
inadequate, or the level of IgG achieved in the circulation is felt to be insufficient, the 
ge may be given more frequently or increased as high as 400 mg/kg (8 mL/kg) 
body weight. 

Idiopathic Thrombocytopenic Purpura: An increase in platelet count has been observed 
in children and some adults with acute or chronic {TP receiving Gamimune* N, 400 mg/kg 
body weight daily for five days. A response usually occurs within several days and is main- 
tained for a variable period of time. In general a response is seen less often in adults than 
in children. in patients who have shown a respons maintenance dose of Gamimune* N 

f 400 mg/kg body weight administered as a singie dose every several weeks may be of 
benefit once the piatelet count decreases to clinically hazardous levels 

investigations indicate that Gamimune* N is well-tolerated and less likely to produce 
side effects when infused at the indicated rate. It is recommended that Gamimune* N be 
infused by itself at a rate of 0.01 to 0.02 mL/kg body weight per minute for 30 minutes. if 
wet! tolerated, the rate may be gradually increased to a maximum of 0.08 ml/kg body 
weight per minute. If side effects occur, the rate may be reduced. or the infusion inter- 
rupted until symptoms subside. The infusion may then be resumed at the rate which is 
comfortable for the patient. 

Parenteral drug products should be inspected visually for particulate matter and discol- 
oration prior to administration, whenever solution and container permit. 

US. License No. 8 
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MEET YOUR NEWEST BLOOD BANKER. 


THE OLYMPUS PK7100 FULLY AUTOMATED PRETRANSFUSION BLOOD TESTING SYSTEM 


Today, with the increased demand in 
blood testing for transfusion purposes. 
blood bankers suddenly need new help. 

The Olympus PK 7100 
is the solution. It 
automatically performs 
simultaneous routine 
blood typing (ABO 
and RH), freeing 
experienced blood 
bankers to perform 
additional tests for the 
increased incidence 
of infectious agents 
(Hepatitis, HTLV-TH, 
etc.). 

The PK7100 analyzes up to 240 samples/ 
hour, and features the revolutionary and pa- 
tented Olympus "Terraced" Microtiter Plate, 
which reduces reagent consumption and 
holds cells more firmly in place during less 
delicate handling. And while the high dis- 
crimination PK7100 takes multiple readings 


"Terraced" Microtiter Plate 








on the terraces for extremely accu 
automated readings, the terraced p 
design provides more stable agg ion 
non-agglutination patterns for 
easy visual confirmation 
And the PK7100 is backed 
with Olympus complete sup- 
port package and extensive 
field service network. 
Other PK7100 features include: 
e Full data processing capability: 
Convenient computer 
data storage; Video monitor; 
High speed printer; RS-232C 
interface; Triple-check system 
of bar code labels. + Micro-syringes (for 
precision dispensing of serum, biood celis, 
diluent and reagents). * Virtually no 
disposables/consumables. ¢ Advanced 
compact design (for easy placement, easy 
access, and efficient workstation operation) 
For further information call TOLL FREE 
800-223-0125 or 800-626-0236 (in NY). 
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OLYMPUS 


Olympus Corporation, Clinical Instruments Division 
We're committed because you're dedicated. 
See us at AABB show in San Francisco, Booth #932 


Coulter Immunology a division of Coulter Corporation 




























































































- NEW PRODUCTS AND CONJUGATES _ 
- = Fe RD1 1 EXPAND YOUR 
UO ee ae e Er 
| 13 9. 
B — s; — CELL SURFACE STUDIES 
TM E e 
++ WITH TWELVE 
3 NEW PRODUCTS 
B1 e * " 
B2 e e | 
B4 * e 
ie = ere FROM A SINGLE SOURCE. 
MY9 * 
D ° < | Coulter offers the broadest line of monoclonal 
I3 EE" * antibodies and now provides you 12 new conju- 
5 EP" * | gates with a phycoerythrin derivative (RD1) or 
PCA-1 ok | fluorescein (FITC). This chart represents a par- 
MslgG1 . . | tal listing of COULTER CLONE’ monoclonal 
MslgG2a — . . | antibodies. Coulter Immunology offers many 
MsigG2b * ——| innovative and unique products that include the 
|..MslgG. e X | first T4 subset markers, 4B4 and 2H4. The first 
MslgM EE. B-cell specific antibodies. The first complete line 
. eynt conjugates, — x New products and conjugates. | of isotypic controls. The first and only Natural 
daa oa ud eiie | Killer cell-specific monoclonal antibodies. Coul- 





| MORE COMING SOON. 





- ter Immunology can provide you with total sup- 
port for your cell surface phenotyping studies, 
giving you the most reliable, precise, and accu- 
rate answers with state-of-the-art technology. 


* Conserve volume of cell preparation by reducing 
YOUR CHOICE sample size 50%. 
Achieve optimal color configuration for 
OF co NJUGATES combination studies such as T4/2H4 and T4/4B4. 
e Save time with dual color analysis. 
* Increase flexibility and convenience when 
FOR 2/ CO LOR designing test protocols. 
e Study activation states of Total T-cells (T11/Ta1 


ANALYSIS. and Fi T/B) or mmunacompetert Fol (13a 


ORDERING INFORMATION. Cali us toll-free for additional product information and a copy of our Price List: 
1-800-327-3778 (U.S.) or 1-800-432-6518, Ext. 6880 (Florida). For research use only; not for diagnostic or 
therapeutic use. COULTER CLONE is a registered trademark of Coulter Corporation. Copyright 1986. Coulter 
Immunology, 440 West 20th Street, Hialeah, FL 33010. 
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Travelling the narrow path between 
thrombosis and bleeding has become safer! 

















Good news for all 
physicians engaged in sur- 
gery, laboratory and internal 
medicine. 

With the new Throm- 
borel S from human 
placenta the prothrombin 
time (PT) has become more 
precise and internationally 
comparable. 


Thromborel S 


is the first commercial 
thromboplastin standardized 
against the British Compa- 
rative Thromboplastin (BCT), 
s international re fere nce 
nan 





To make monitoring 
of patients treated with oral 
anticoagulants safer, we 
extended the time span 
between upper and lower 
limit ofthe therapeutic range 
to about 18 (1!) ) seconds. 

This should prove a 
better aid for guidance 
between the risk of bleeding 
or thrombosis 


Behnngwerke AG 
Diagnostica 
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PROGRESS IN LIVER DISEASES, 


The newest volume in an authoritative series! 


VOLUME VIII 


Edited by 





Hans Popper, M.D., Ph.D. 


Progress in Liver Diseases, Volume VIII continues in the tradi- 
tion of providing authoritative reviews of published data on the liver 
and its diseases. 


This volume includes up-to-date coverage of cell pathobiology 
and molecular biology. Common hepatic diseases, forms of 
cholestasis, and alcoholic liver injury are also discussed. Types of 
viral hepatitis, including delta agent disease, are covered in a ma- 
jor section, along with the hepatitis B vaccine and the relation of 
hepatitis B infection to hepatocellular carcinoma. This comprehen- 
sive survey of the current status of liver diseases will benefit specialists 
and residents in hepatology, gastroenterology, and internal 
medicine. 


CONTENTS (Partial): Kamal G. Ishak, Applica- 
tions of Scanning Electron Microscopy to the Study of Liver Disease. 
Christiane Guguen-Guillouzo, Michel Bourel, and André 
Guillouzo, Human Hepatocyte Cultures. Jeffrey M. Hoeg and H. 
Bryan Brewer, Jr., Human Lipoprotein Metabolism and the Liver. 
David Zakim, The Role of Membrane Lipids in the Regulation of 
Membrane-Bound Enzymes. Luigi M. DeLuca and Kim E. Creek, 
Vitamin A and the Liver. Clifford J. Steer and Gilbert Ashwell, 
Hepatic Membrane Receptors for Glycoproteins. Paul D. Berk and 
Wolfgang Stremmel, Hepatocellular Uptake of Organic Anions. 
Irwin M. Arias, Mechanisms and Consequences of Ion Transport 
in the Liver. Beatriz Tuchweber, Andrée Weber, Claude C. Roy, 
and Ibrahim M. Yousef, Mechanisms of Experimentally Induced 


1986, 720 pp., $79.50 
ISBN: 0-8089-1787-0, Order Code: 793359 


` Fenton Schaffner, M.D., M.S. 


Intrahepatic Cholestasis. H.C. Thomas and A.M.L. Lever, Has 
Immunology Become Important to Hepatologists? Fiorenzo 
Paronetto, Giuseppe Colucci, and Massimo Colombo, Lym- 
phocytes in Liver Diseases. Hans Popper and Dietrich Keppler, 
Networks of Interacting Mechanisms of Hepatocellular Degenera- 
tion and Death. H. Denk, E. Lackinger, and F. Vennigerhoiz, 
Pathology of the Cytoskeletor: of Hepatocytes. C.S. Lieber and 
M.A. Leo, Interaction of Alcohol and Nutritional Factors with 
Hepatic Fibrosis. David H. Van Thiel and Judith S. Gavaler, 
Hypothalmic-Pituitary-Gonadal Function in Liver Disease with 
Particular Attention to the Endocrine Effects of Chronic Alcohol 
Abuse. Fenton Schaffner and Heribert Thaler, Nonalcoholic Fatty 
Liver Disease. Stephen M. Feinstone, Hepatitis A. David N. Stan- 
dring and William J. Rutter, The Molecular Analysis of Hepatitis 
B Virus. Swan N. Thung and Michael A. Gerber, Hepatitis B Virus 
and Polyalbumin Receptors. Edna Ben-Porath, Yumiko K. Fue 
jita, and Jack R. Wands, Hepatitis B Monoclonal Antibody 
Testing. Gerald Eder, James L. McDonel, and Friedrich Dorner, 
Hepatitis B Vaccine. Harvey M. Lieberman and David A. Shafritz, 
Persistent Hepatitis B Virus Infection and Hepatocellular Car- 
cinoma. Mario Rizzetto, Giorgio Verme, John L. Gerin, and 
Robert H. Purcell, Hepatitis Delta Virus Disease. J. Wai-Kuo Shih, 
Juan I. Esteban, and Harvey J. Alter, Non-A, Non-B Hepatitis: 
Advances and Unfulfilled Expectations of the First Decade. Marion 
Peters, Gary L. Davis, James S. Dooley, and Jay H. Hoofnagle, 
The Interferon System in Acute and Chronic Viral Hepatitis. 
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EFFICACY WELL ESTABLISHED 


The efficacy of INTRON A was established in a 26-center clinical trial 
of 145 patients with progressive hairy cell leukemia, a B-cell malig- 
nancy.'?3 INTRON A achieved a 74% objective response, measured as 
normalization of granulocyte, hemoglobin and platelet values and 
elimination of transfusion dependency.' 


92% PROBABILITY OF SURVIVAL 


In a separate analysis, a 24-month comparison was conducted 
between the INTRON A study population and historical controls.* 
After three months of therapy, patients receiving INTRON A reached 
and maintained a plateau of 92% probability of survival. The 
probability of survival among historical controls, however, declined 
steadily to 40% at 24 months." 


KAPLAN-MEIER ESTIMATED SURVIVAL CURVES 
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MONTHS 


“Seventy-one historical control patients were treated with current standard therapies, 85%. with chemotherapy (mainly 
chlorambucil) and 15% with supportive care 


DRAMATIC CLINICAL IMPROVEMENTS 


More than 80% of the study population achieved normal levels of 
platelets by three months, of hemoglobin by six months and of 
granulocytes by twelve months. Marked decreases in the incidence 
of life-threatening infections and transfusion dependency preceded M 
normalization of hematologic values.' A 





THERAPY WELL TOLERATED 


Treatment-related side effects were generally mild to moderate and 
rapidly reversible upon discontinuation of therapy. The predominant 
complaint was a flu-like syndrome, which usually diminished with 
continued therapy. Mild-to-moderate skin rashes occurred 
intermittently in 40% of the study population. A low incidence of 
mild-to-moderate GI disorders was also reported.' 


For a brief summary of prescribing information, please see the following page. 








A NEW CLASS OF 
CANCER THERAPY 


A BIOLOGIC 
RESPONSE MODIFIER 


To date, interferon actions in experimental 
systems have not been directly correlated with its 
Clinical efficacy. However, as a biologic response 
modifier, interferon may modulate the immune 
system,*** indirectly affect cell differentiation’ 
and phenotypic expression"? and enhance 
protection against viral infection. '? In addition, 
interferon may have antiproliferative activity in 
experimental systems, seen as oncogene 
inhibition"? and cytostatic action." 


et PURITY 


INTRON A production utilizes the new 
biotechnology of genetic engineering and 
Schering’s advanced production process for 
assured purity. 


For more information, please call 1-800-4-INTRON. 
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APPLYING NEW TECHNOLOGY 
FOR ADVANCES IN ONCOLOGY 








PRODUCT INFORMATION 


THE FIRST INTERFERON 
FROM SCHERING RESEARCH 


INTRON” A interferon alfa-2b 


recombinant for Injection 


BRIEF SUMMARY 


INDICATIONS AND USAGE INTRON A for Injection is indicated for the treatment of 
patients 18 years of age or older with hairy cell leukemia. Studies have shown that INTRON A 
can produce clinically meaningful regression or stabilization of this disease, both in 
previously splenectomized and non-splenectomized patients. 

Prior to initiation of therapy, tests should be performed to quantitate peripheral blood 
hemoglobin, platelets, granulocytes and hairy cells and bone marrow hairy cells. These 
parameters should be monitored periodically during treatment to determine whether 
response to treatment has occurred, H a patient does not respond within 6 months, 
treatment should be discontinued. If a response to treatment does occur, treatment usually 
should be continued until no further improvement is observed and these laboratory 
parameters have been stable for about 3 months (see DOSAGE AND ADMINISTRATION). It 
is not known whether continued treatment after that time point is beneficial. Studies are in 
progress to evaluate this question. 


CONTRAINDICATIONS INTRON A is contraindicated in patients with a history of hypersen- 
sitivity to interferon alfa or any component of the injection. 


WARNINGS Moderate to severe adverse experiences may require modification of the 
patient's dosage regimen, or in some cases, termination of therapy with INTRON A. 

Because of the fever and other “flu-like” symptoms associated with INTRON A adminis- 
tration, it should be used cautiously in patients with debilitating medical conditions, such as 
those with a history of cardiovascular disease (e.g. unstable angina, uncontrolled conges- 
tive heart failure), pulmonary disease (e.g., chronic obstructive pulmonary disease}, or 
diabetes mellitus prone to ketoacidosis. Caution should also be observed in patients with 
coagulation disorders (e.g., thrombophlebitis, pulmonary embolism: or severe myelosup- 
pression. 

Patients with platelet counts of less than 50,000/mm? should not be administered 
INTRON A intramuscularly, but instead by subcutaneous administration. 

Cardiovascular adverse experiences which include significant hypotension, arrhythmia, 
or tachycardia of 150 beats per minute or greater, were observed in approximately 3% of the 
patients studied who had various malignancies and were treated at doses higher than those 

or hairy cell leukemia. The incidence of these complications in patients with preexisting 
heart disease is unknown. Hypotension may occur during administration, or up to two days 
post therapy, and may require supportive therapy including fluid replacement to maintain 
intravascular volume. Supraventricular arrhythmias occurred rarely and appeared to be 
correlated with preexisting conditions, and prior therapy with cardiotoxic agents. These 
adverse experiences were controlled by modifying the dose or discontinuing treatment, 
but may require specific additional therapy. 

Those patients with a recent history of myocardial infarction and/or previous or current 
arrhythmic disorder, who require INTRON A therapy, should be closely monitored (see 
Laboratory Tests). 

Central nervous system effects manifested by depression, confusion and other alterations 
of mental status were observed in about 2% of hairy cell leukemia patients treated with 
INTRON A. The overall incidence in a larger patient population with other malignancies 
treated with higher doses of INTRON A was 10%. More significant obtundation and coma 
have been observed in some patients, usually elderly, treated at higher doses tor other 
malignant diseases. These effects are usually rapidly reversible. In à tew severe episodes, 
full resolution of symptoms has taken up to three weeks. Patients should be closely 
monitored until resolution of these effects. Discontinuation of INTRON A Interferon 
alfa-2b, recombinant tor Injection therapy may be required. Narcotics, hypnotics, or 
sedatives may be used concurrently with caution. 

Acute serious hypersensitivity reactions (e.g., urticaria, angioedema, bronchoconstric- 
tion, anaphylaxis, etc.) have not been observed in patients receiving INTRON A; however, 
if such an acute reaction develops, the drug should be discontinued immediately and 
appropriate medical therapy instituted. Transient cutaneous rashes have occurred in some 
patients following injection, but have not necessitated treatment interruption. 

Laboratory abnormalities which occurred in hairy cell leukemia patients included 
elevated SGOT and SGPT, which occurred in 4% and 13% of patients, respectively. The 
overall incidences of laboratory abnormalities in a larger patient population with other 
malignancies, and treated at higher doses were somewhat figher. hese included elevated 
liver function tests (SGOT, SGPT in 10% of patients) and reductions in granulocyte (20% of 
patients) and platelet counts (18% of patients) (see Laboratory Tests). These abnormalities 
are usually mild to moderate and transient, Severe abnormalities of these laboratory 
parameters are usually rapidly reversible upon cessation or reduction of INTRON A therapy. 
PRECAUTIONS Information for Patients Patients being treated with INTRON A should be 
directed in its appropriate use, informed of benefits and risks associated with treatment and 
referred to the Patient Information Sheet. 

Patients should be cautioned not to change brands of Interferon without medical 
consultation as a change in dosage mav result. 

It is advised that patients be well hydrated especially during the initial stages of treatment 
Laboratory Tests In addition to those tests normally required tor monitoring patients with 
hairy cell leukemia, the following laboratory tests are recommended for ali patients on 
INTRON A therapy, prior to beginning treatment and then periodically thereafter: 

* Standard hematologic tests — including complete blood counts and differential as well as 
latelet counts. 
* Blood chemistries — electrolytes and liver function tests. 

Those patients who have preexisting cardiac abnormalities and/or are in advanced stages 
of cancer, should have electrocardiograms taken prior to and during the course of treatment. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Studies with INTRON A have not been 
performed to determine carcinogenicity, or the effect on fertility, Interferon may impair 
fertility. Mutagenicity studies with INTRON A revealed no adverse effects. 

Studies in mice, rats, and monkeys injected with INTRON A for up to one month have 
revealed no evidence of toxicity. However, due to the known species-specificity of inter- 
feron, the effects in animals are unlikely to be predictive of those in man. 

Pregnancy Category C Animal reproduction studies have not been conducted with INTRON A. 
It i$ also not known whether INTRON A can cause fetal harm when administered to à 
pregnant woman or can affect reproduction capacity. INTRON A should be given to a 
pregnant woman only if clearly needed. Another interferon alfa preparation has been 
Shown to have abortifacient effects in Macaca mulatta (rhesus monkeys) when given at 20 to 
506 times the human dose. Therefore, INTRON A should be used during pregnancy only it 








the potential benefit justifies the potential risk to the fetus. In studies of interferon use in 
non-human primates, abnormalities of the menstrual cycle have been ot d 

INTRON A Interferon alfa-2b, recombinant for Injection should be used with caution in 
fertile men and women. 
Nursing Mothers it is not known whether this drug is excreted in human milk. However, 
studies in mice have shown that mouse interferons are excreted into the milk, Because of 
the potential for serious adverse reactions from INTRON A in nursing infants, a decision 
should be made whether to discontinue nursing or to discontinue the drug, taking into 
account the importance of the drug to the mother. 
Pediatric Use Safety and effectiveness have not been established in patients below the age 
ot 18 years. 


ADVERSE REACTIONS Adverse reactions to INTRON A are dose-related. in studies of 
patients with malignancies other than hairy cell leukemia, hematologic and hepatic toxicities 
were more common in patients receiving individual injections greater than 10 million IU, 
than in patients receiving less than this amount. Hematologic, hepatic, cardiovascular and 
neurologic toxicities were more common in patients receiving more than 30 million IU per 
injection than in patients receiving less than that amount. 

The following adverse reactions were reported to be possibly or probably related to 
INTRON A therapy during clinical trials. The most lr uA reported adverse reactions 
were flu-like symptoms, primarily fever, fatigue, and chills which occurred in almost all 
patients treated. Other organ systems in which reactions occurred in more than 3% of the 
patients are: 

General — Taste alteration, anorexia and weight decrease occurred uncommonly. 
Cardiovascular — Mild hypotension was frequently recorded although it was rarely symp- 
tomatic. Hypertension also occurred less commonly. Tachycardias occurred uncommonly 
usually in association with high fevers. 

Gastrointestinal System — Nausea was common, although vomiting occurred rarely. Mild 
diarrhea was reported less commonly. 

Hematologic — Mild thrombocytopenia and transient granulocytopenia occurred commonly. 
Musculo-Skeletal System — Myalgia and arthralgia occurred commonly, usually in association 
with other flu-like symptoms. : 

Nervous System — Headache, somnolence, contusion, and dizziness occurred uncom- 
monly. Ataxia and paresthesia were rare. 

Psychiatric — Anxiety, depression and nervousness occurred uncommonly 

Skin and Appendages — Mild pruritus occurred uncommonly. Mild alopecia was uncommon 
Various transient, mild skin rashes were seen frequently in patients with hairy cell leukemia. 
Other Adverse Reactions — The following adverse reactions were reported with an incidence 
of 5% or less: leg cramps, constipation, insomnia, herpetic eruptions, non-herpetic cold 
sores, urticaria, hot flashes, supraventricular arrhythmias, epistaxis, stomatitis, paralytic 
ileus, dehydration, coagulation disorder (elevated PT and PTT), abnormal vision, tremor, 
emotional lability, chest pain, pharyngitis and syncope. 

Adverse reactions reported rarely (less than 1%) were dyspepsia, purpura; dyspnea, 
sneezing, oculomotor paralysis, nasal congestion, flatulence, increased saliva, hyperglvce- 
mia, and ulcerative stomatitis. 

Laboratory Value Changes — Those patient laboratory values which were normal to moder 
ately abnormal (WHO grades 0-2) at baseline that worsened to either severe or lite- 
threatening abnormalities (WHO grades 3 or 4i during some phase of treatment included: 
WBC, platelets, granulocytes, SGOT, creatinine, SGPT, LDH, and alkaline phosphatase 


DOSAGE AND ADMINISTRATION The recommended dosage of INTRON A for Injection lor 
the treatment of hairy cell leukemia is 2 million !U/m? administered intramuscularly (see 
WARNINGS: or subcutaneously 3 times a week. Higher doses are not recommended. The 
normalization of one or more hematologic variables usually begins within 2 months of 
initiation of therapy. Improvement in all three hematologic variables may require 6 months 
or more of therapy. 

This dosage regimen should be maintained unless the disease progresses rapidly, or 
severe intolerance is manifested. If severe adverse reactions develop. the dosage should be 
modified (50% reduction) or therapy should be temporarily discontinued until the adverse 
reactions abate. If persistent or recurrent intolerance develops following adequate dosage 
adjustment, or disease progresses, treatment with INTRON A Interíeron alfa-Zb, recombi- 
nant for injection should be discontinued. The minimum effective dose of INTRON A has 
not been established. 

At the discretion of the physician, the patient may self-administer the dose. The medica- 
tion may be administered at bedtime. 


HOW SUPPLIED INTRON A Interferon alfa-2b, recombinant tor Injection is available in 3-, 
5-, 10- and 25-million IU vials, each packaged with its own diluent. 

Store INTRON A for Injection, both before and after reconstitution, between 2° and B°C 
(36° and 46°F). 185- 13762805 


References: 1. Data on file, Schering Corporation. 2, Jacobs AD, Champlin RE, Golde DW: 
Recombinant a-2-interferon for hairy cell leukemia. Blood 1985; 65; 1017-1020. 3. Golomb 
HM, Jacobs A, Fefer A, et al: Interferon treatment of HCL. | Clin Oncol. To be published 

4. Herberman RB, Ortaldo JR, Rubinstein M, et al: Augmentation of natural and antibody- 
dependent cell-mediated cytotoxicity by pure human leukocyte interteron. {Chin Oncol 
1981; 1:149-153, 5. Schultz RM: Macrophage activation by interferons. Lemphiokine Reports 
1980: 1:63-97. 6. Herberman RB, Ortaldo JR, Mantovani A, et al: Effect of human recombi- 
nant interferon on cytotoxic activity of natural killer (NK) cells and monocytes. Cell Immunol 
1982; 67:160-167. 7. Tomida M, Yamamoto Y, Hozumi M: Stimulation by interferon of 
induction of differentiation of human promyelocytic leukemia cells, Biochem Hopnys Res 
Comm 1982; 104tjan 151:30-37, 8. Samid D, Chang EH, Friedman RM: Biochemical correlates 
ot phenotypic reversion in interferon-treated mouse cells transtormed by à human 
oncogene. Biochem Biophys Res Comm 1984; 119iFeb 29):21-28. 9. Brouty-Bove D, Wybier- 
Franqui }, Calvo C, et al: Reversibility of the transformed and neoplastic phenotype, IV. 
Effects of long-term interferon treatment of C3H/10T cells transtormed by methyicho- 
lanthrene and SV40 virus. Int } Cancer 1984; 34: 107-112. 10. Friedman RM: interferons: A 
Primer. New York, Academic Press, 1981, pp 3-7. IL jonak GJ, Knight E Ir Selective reduction 
of c-myc mRNA in Daudi cells by human B interferon. Proc Natl Acad Sci 1984; 81: 1747-1750, 
12. Soslau G, Bogucki AR, Gillespie D, et al: Phosphoproteins altered by antiprofiterative 
doses ot human interteron-8 in a human bladder carcinoma cell line. Biochem Biophys Res 
Comm 1984; 119:941-948. 13. Balkwill F, Taylor-Papadimitriou I: Interteron affects both G, 
and $ + Gz in cells stimulated from quiescence to growth. Nature 1978; 
14. Salmon St, Durie BGM, Young L, et al: Effects of cloned human leukocyte interferons in 
the human tumor stem cell assay. J Clin Oncof 1983; 1:217-225. 15, Welander CE, Morgan 
TM, Homesley HD, et al: Combined recombinant human i jeron alpha; and cytotoxic 
agents studied in a clonogenic assay. Int} Cancer 1985; 29 
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Coagulation Factor Deficient Human Plasma 


€ Substrate Quality € Fresh Frozen 
€ Stable € Mono-Specific 


COAGULATION DEFICIENCIES AVAILABLE: 


Factor | (Afibrinogenemia) Factor IX VonWillebrand Trait 
Factor II Factor X (Mild and Severe) 
Factor V Factor XI Prekallikrein 

Factor VII Factor XII Kininogen (HMW) 
Factor VIII Factor Xlll — Passovoy Trait 
Factor VIII Inhibitor Protein C 


HEMATOLOGY PRODUCTS AVAILABLE: 


Pooled Normal Plasma Aged Serum 
Assayed Normal Plasma Adsorbed Plasma 
Platelet Free Plasma Coumadinized Plasma 


€ Plasmas are fresh frozen, citrated plasmas drawn from carefully screened HUMAN donors with 
congenital coagulation factor deficiencies. 

€ Shipments are packed in dry ice and usually delivered within 24 hours. 

€ Special arrangements are made to ship plasma in required volumes in vials (0.5 to 5.0 ml), in bags or 
on standing orders. 


MAXIMUM QUALITY - MINIMUM COST 
GEORGE KING BIO-MEDICAL, INC 


Toll Free 800-255-5108 In Kansas 913-469-KING 
9209 West 110 Street, Overland Park, KS 66210 


See Us At the A.S.H. Convention Booth #527 
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For Alexander, 

who cant produce 
enough antibodies 
to fight infection... 


Young or old, patients without sufficient levels of 
antibodies face overwhelming infection...and 
they urgently need help. Aggressive IGIV 
treatment with GAMIMUNE'" N gives these 
patients the edge that may make the difference: 
antibodies against major bacterial, viral and fungal 
pathogens, in just minutes. 

For patients like Alexander, GAMIMUNE' N 
provides premium IGIV: immune globulin that 
contains at least 98% pure gamma globulin’; 
unmodified "native" IgG with immunologic 
activity of normal plasma; and documented im 
vitro inactivation of H TLV-III virus* during 
fractionation from plasma to final gamma 
globulin.?? 

When patients don't have enough antibodies 
to fight infection, like Alexander, it's nice to know 
that GAMIMUNE* N does. 


Aggressive IGIV treatment in 
immunodeficiency syndromes. 
Also for both chronic and 

acute [TP in children and adults. 


Gamimune N 


Immune Globulin 
Intravenous (Human) 596 
(in 10% Maltose) pH 4.25 











other IGIV 
GAMIMUNE 
some cases 
expensive. A con 
factor is that GAMI 
is a convenient, re 
liquid formulation that saves 
valuable pharmacy time. 


No premium cost 

for TODAY'S 
State-of-the-Art 
IGIV 











undergoes an incubation s 
container which has been 
additional 1 x 10° to 1 x IP 
HTLV-HI.? In a separate s 


steps using HTLV-II demon 
cumulative reduction of greater than 1 x 1075 
infectious units." 


Please see following page for brief summary 


of prescribing information. 


Gamimune N 


Immune Globulin 
Intravenous (Human) 5% 
(in 10% Maltose), pH 4.25 


CLINICAL PHARMACOLOGY 

Gamimune* N supplies a broad spectrum of opsonic and neutralizing IgG antibodies for 
the prevention or attenuation of a wide variety of infectious diseases. As Gammune* Nis 
administered intravenously, essentially 100% of the infused IBG antibodies are immedi- 
ately available in the recipient's circulation. A relatively rapid fall in serum IgG level in the 
first week post-infusion is to be expected: this decrease averages 50% of the peak level 
achieved immediately post-infusion and is mainly due to the equilibration of igG between 
the plasma and the extravascular space. The in vivo half-life of Gamimune^ N equals or 
exceeds the three week half-life reported for IgG in the literature, but individual patient 
variation in half-life has been observed. Thus, this variable as well as the amount of 
immune globulin administered per dose is important in determining the frequency of 
administration of the drug for each individual patient. 

The intravenous administration of solutions of maltose has been studied by several 
investigators. Healthy subjects tolerated the infusions well, and no adverse effects were 
observed at a rate of 0.25 g maltose/kg body weight per hour. In safety studies conducted 
by Cutter Biological, infusions of 10% maltose administered at 0.27-0.62 g maltosekg 
per hour to normal subjects produced either mild side effects (e.g. headache) or no 
adverse reaction. Following intravenous administrations of maltose, maltose was 
detected in the peripheral blood: there was a dose-dependent excretion of maltose and 
&lucose in the urine and a mild diuretic effect. These alterations were well tolerated with- 
out significant adverse effects. The highest recommended infusion rate, 0.08 ml/kg 
body weight per minute (see DOSAGE AND ADMINISTRATION). is equivaient to 0.48 g 
maltose/kg body weight per hour. 

The buffer capacity of Immune Globulin Intravenous (Human) 5% (in 10% Maitosej, pH 
4.25—Gamimune* N is 16.5 MEQ/L ( ~ 0.3 mEq/g protein): a dose of 150-400 mg/kg (3-8 
mL/kg) body weight therefore represents an acid load of 0.0495-0.1320 mEq/kg body 
weight. The total buffering capacity of whole blood in a normal individual is 45-50 mEq/L 
of blood, or 3.6 mEq/kg body weight. Thus, the acid load delivered in the largest dose of 
Gamimune"* N would be neutralized by the buffering capacity of whole blood alone, even if 
the dose were infused instantaneously. (An infusion usually lasts several hours.) 

In Phase | human studies, no change in arterial blood pH measurements was detected 
following the intravenous administration of Gamimune* N at a dose of 150 mg/kg body 
weight: following a dose of 400 mg/kg body weight in 37 patients, there were no clinically 
important differences in mean venous pH or bicarbonate measurements in patients who 
received Gamimune* N compared with those who received a chemically modified intra- 
venous immunoglobulin preparation with a pH of 6.8. 

In patients with limited or compromised acid-base compensatory mechanisms, consid- 
eration should be given to the effect of the additional acid load Gamimune* N might 
present. 

INDICATIONS AND USAGE 

immunodeficiency Syndromes: Gamimune" N is indicated for the maintenance treat- 
ment of patients who are unable to produce sufficient amounts of IgG antibodies. Usage 
of Gamimune™ N may be preferred to that of intramuscular immunoglobulin preparations. 
especially in patients who require an immediate increase in intravascular immunoglobulin 
levels, in patients with a small muscle mass, and in patients with bleeding tendencies in 
whom intramuscular injections are contraindicated. It may be used in disease states such 
as congenital agammaglobulinemia (e.g., X-linked aBammaglobulinemia), common varia- 
bie hypogammaglobulinemia, X-linked immunodeficiency with hyper IgM and in severe 
combined immunodeficiency. 

Idiopathic Thrombocytopenic Purpura (ITP): Investigations in both children and adults 
have shown that Gamimune* N may initiate a therapeutic increase in the platelet count. In 
clinical studies of Gamimune* N, five of six (83.3%) children and 10 of 16 (62.595) adults 
with acute or chronic ITP demonstrated clinically significant increments in the platelet 
count during or following an initial treatment course with Gamimune* N at a dose of 400 
mg/kg body weight daily for five days. The duration of the platelet rise following treatment 
of ITP with Gamimune* N was variable, ranging from several days up to 12 months or 
more. Several ITP patients demonstrated continuing responsiveness over many months 
to intermittent Gamimune* N 400 mg/kg body weight single dose maintenance courses 
Two of three children with acute ITP treated with Gamimune* N rapidly went into complete 
remission. However, childhood ITP may respond spontaneously without treatment. Four 
patients with refractory ITP were able to urfdergo major surgical procedures as a result of 
the rapid rise in platelet count associated with Gamimune* N treatment. 

in addition, one patient with severe thrombocytopenia due to post-transfusion purpura 
(PL^! alloimmune antibody with platelet anti PL^! specificity) also responded to treatment 
with Gamimune* N, at a dose of 400 mg/kg body weight daily for 5 days. there was a rapid 
rise in the platelet count commencing on the third day of treatment. 

It is presently not possible to predict which patients with ITP will respond to therapy, 
although the increase in platelet counts in children seems to be better than that of adults 
in clinical situations in which a rapid rise in platelet count is needed to control bleeding or 
to allow a patient with ITP to undergo surgery. administration of Immune Globulin Intra- 
venous (Human) 5*6 (in 10% Maltose), pH 4.25—Gamimune* N should be considered: in 
patients in whom a response is achieved, the rise of platelets is generally rapid (within 1—5 
days), transient (most often lasting from several days to several weeks) and should not be 
considered curative. In some patients who relapse, a maintenance dose of Gamimune* N 
administered every several weeks may be of benefit once the platelet count decreases to 
clinically hazardous levels (see DOSAGE AND ADMINISTRATION). 

CONTRAINDICATIONS 

Gamimune* N is contraindicated in individuals who are known to have had an anaphylactic 
or severe systemic response to immune Globulin (Human). individuals with selective IgA 
deficiencies who have known antibody against IgA (anti-IgA antibody) should not receive 
Garnimune* N since these patients may experience severe reactions to the IgA which may 
be present 


WARNINGS 
Gamimune* N should be administered only intravenously as the intramuscular and subcu- 
taneous routes have nat been evatuated 

Gamimune* N may. on rare occasions, cause a precipitous fall in blood pressure and a 
chnical picture of anaphylaxis, even when the patient is not known to be sensitive to 
immune globuli preparations. These reactions may be related to the rate of infusion 
Accordingly. the infusion rate given under DOSAGE AND ADMINISTRATION should be 
closely followed. at least until the physician has had sufficient experience with a given 
patient. The patient's vital signs should be monitored continuously and careful observa- 
tion made for any symptoms throughout the entire infusion Epinephrine should be avail- 
abie for the treatment of an acute anaphylactic reaction. 

PRECAUTIONS 

General: Any vial that has been entered should be used promptly. Partially used vials 
should be discarded. Do not use ff turbid. Solution which has been frozen shouid not 
be used. 

Drug interactions: If dilution is required. Gamimune* N may be diluted with 5% dextrose 
in water (D5/W). No other drug interactions or compatibilities have been evaluated. It is 
recommended that infusion of Gamimune™ N be given by a separate line, by itself, without 
mixing with other intravenous fluids or medications the patient might be receiving 
Pregnancy Category C: Animal reproduction studies have not been conducted with 
Gamimune* N. It is not known whe her Gamimune* N can cause fetal harm when admin- 
istered to a pregnant woman or can affect reproduction capacity. Gamimune* N should 
be given to a pregnant woman only if clearly needed 

ADVERSE REACTIONS 

in a study of 37 patients with immunodeficiency syndromes receiving Gamimune* N at a 
monthly dose of 400 mg/kg body weight, reactions were seen in 5.2% of the infusions of 
Gamimune* N. Symptoms reported with Gamimune* N included malaise, a feeling of 
faintness. fever, chills, headache. nausea. vomiting, chest tightness, dyspnea and chest. 
back or hip pain. In addition, mild ervthema following infiltration of Immune Globulin Intra- 
venous (Human) 5% (in 10% Maltcse). pH 4.25—Gamimune™ N at the infusion site was 
reported in some cases. 

in further studies of Gamimune" N in the treatment of both adult and pediatric patients 
with ITP. systemic reactions were neted in only 4 of 154 (2.6%) infusions, and all but one 
occurred at rates of infusion greater than O O4 mL/kg body weight per minute. The symp- 
toms reported included chest tightness, a sense of tachycardia (pulse was 84 beats per 
minute). anda burning sensation in the head; these symptoms were all mild and transient. 
Erythema. pain, phlebitis, or eczematous reactions at the infusion site were also reported 
following infusion of Gamimune* N to adult ITP patients. These reactions occurred in 
11.6% of tne infusions of Gamimune* N and in 43.8% of the adult ITP population. No 
pediatric patients experienced localized reactions at the infusion site. 

in the studies undertaken to date other types of reactions have not been reported with 
Gamimune* N. It may be, however, ‘hat adverse effects will be similar to those previously 
reported with intravenous and intramuscular immunoglobulin administration. Potential 
reactions, therefore, may also include anxiety, flushing, wheezing, abdominal cramps, 
myalgias, arthralgia, and dizziness. rash has been reported only rarely. Reactions to intra- 
venous immunoglobulin tend to be related to the rate of infusion. 

True anaphylactic reactions to Gamimune* N may occur in recipients with documented 
prior histories of severe allergic reactions to intramuscular immunoglobulin, but some 
patients may tolerate Cautiously administered intravenous immunoglobulin without 
adverse effects. Very rarely an anaphylactoid reaction may occur in patients with no prior 
history of severe allergic reactions to either intramuscular or intravenous 
immunogiobulin. 

DOSAGE AND ADMIN!STRATION 

immunodeficiency Syndromes: The usual dosage of Gamimune* N for prophylaxis in 
immunodeficiency syndromes is 100-200 mg/kg (2-4 ml/kg) of body weight adminis- 
tered approximately once a montt by intravenous infusion. If the clinical response is 
inadequate. or the level of IgG achieved in the circulation is felt to be insufficient, the 
dosage may be given more frequently or increased as high as 400 mg/kg (B mL/kg) 
body weight. 

idiopathic Thrombocytopenic Purpura: An increase in platelet count has been observed 
in children and some adults with acute or chronic ITP receiving Gamimune* N, 400 mg/kg 
body weigh? daily for five days. A response usually occurs within several days and is main- 
tained for a variable period of time. in general a response is seen less often in adults than 
in children. in patients who have shown a response, a maintenance dose of Gamimune^ N 
of 400 mg/kg body weight administered as a singie dose every several weeks may be of 
benefit once the piatelet count decreases to clinically hazardous levels. 

investigations indicate that Gammnune* N is well-tolerated and less likely to produce 
side effects when infused at the ind'cated rate. It is recommended that Gamimune” N be 
infused by itself at a rate of 0.01 to 0.02 mL/kg body weight per minute for 30 minutes; if 
well tolerated, the rate may be gradually increased to a maximum of 0.08 mL/kg body 
weight per minute. If side effects occur. the rate may be reduced. or the infusion inter- 
rupted until symptoms subside. The infusion may then be resumed at the rate which is 
comfortable for the patient 

Parenteral drug products should be inspected visually for particulate matter and discol- 
oration prior to administration, whenever sciution and container permit. 
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Tcell science 
just became an 
exclusive affair. 


Now, your exclusive distributor of the 
CELLFREE™ interleukin-2 Receptor Test 
Kit is Boehringer Mannheim Biochemicals. 
CELLFREE is the first serum immunoassay 
for the soluble T cell marker, Interleukin-2 
Receptor. The enzyme immunoassay format 
of the CELLFREE kit permits you to study 

T cell immune functions without a flow 
cytometer. CELLFREE is the product of T Cell 
Sciences, Inc., a recognized leader in the 
development of new monoclonal antibody 
reagents and test kits for studying the role 
of the T cell in immune response and 
immunologic disease. 


ACT-T-SET™ gives methodology 


choices. 

ACT-T-SET monoclonal antibodies, another 
break-through product from T Cell Sciences 
and BMB, are a panel of reagents used to 
study the T cell surface antigens associated 
with different stages of T cell activation. 
They are available unconjugated or labelled 
with FITC for flow cytometry or 
immunofluorescence application. 


© 1986 Boehringer Mannheim Biochemicals 


PO. Box 50816 Indianapolis. IN 46250 
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Computer visualization courtesy of Richard d. F ann, 
National Institutes of Health, Bethesda, MD 


An unbeatable combination. 
T Cell Sciences' technology and Boehringer 
Mannheim Biochemicals’ unbeatable service 
are a combination of excellence without 
peer for your specific research needs in the 
rapidly developing Immunology field 

You ll benefit from knowing vou are using 
the purest preparations with exceptional 
specificity and reliable performance. Plus, all 
T Cell Sciences’ products have the complete 
support of BMB's excellent Technical 
Services Department. For more information 
on T Cell Sciences products, or for a copy 
of our immunochemicals catalog, call or 
write us now, 


Now available from BMB: 





CELLFREE " 

Interleukin-2 Receptor Test Kit CK1020 
ACT-T-SET™ 

VLA-1 (Very Late Activation Antigen) 


Unconjugated AA1007 
FITC Conjugated AA2007 
IL-2R (interleukin-2 Receptor) 
Unconjugated AA1009 
FITC Conjugated AA2009 


For research use only. 
Not for use in diagnostic procedures 


Committed to your growing needs in biotecbiotogy. 
Y A vu * 
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< æ æ" Concentrated 
F OXAN OL TUU Oral Solution © 
(Morphine Sulfate, Immediate Release) 
100 mg per 5 ml (Warning: May be habit forming.) 







The most versatile 
oral morphine 


Easy to dose— 
from 20 mg to 100 mg. 


Easy to administer— 
either alone or mixed with a liquid or 
semisolid food. 


Easy to measure— 
with a calibrated Patient Spoon ™ 
accompanying every 240 ml bottle. 


Easy to account for— 

the label of each 240 ml amber glass bottle of 
Roxano! 100 is clearly calibrated to eliminate 
guesswork , 

Alcohol-free. mi. 
Sugar-free. m 


From Roxane 
Laboratories... 
Leader in 

Oral Morphine 
Therapy 











For more intormation 
call 1-800-848-0120 


In Ohio, call collect Roxane 
(614)228-5403 Laboratories, Inc. 
Columbus, Ohio 43216 





INFORMATION FOR CONTRIBUTORS 


xxix 


INFORMATION FOR CONTRIBUTORS 





SUBMITTING THE MANUSCRIPT 


BLOOD, The Journal of The American Society of Hematology, 
provides an international forum for the publication of original 
articles, in English, describing basic laboratory and clinical inves- 
tigations encompassed in the broad discipline of hematology. The 
scope of the journal covers all aspects of hematology, including 
disorders of leukocytes, both benign and malignant, erythro- 
cytes, platelets, hemostatic mechanisms, and immunology, as 
well as major developments in clinical laboratory diagnosis and 
blood banking. 


Manuscripts are accepted for consideration on the condition 
that they are contributed solely to BLOOD. No substantial part of 
a paper may have been or may be published elsewhere, except for 
an abstract of 500 words or less. Manuscripts will be critically 
reviewed by the Editor or an Associate Editor with appropriate 
independent referees drawn from the Editorial Board and other 
experts. Acceptance of papers for publication is based upon the 
originality of the observation or investigation, the quality of the 
work described, and the clarity of the presentation. Papers will 
ordinarily be published in the order in which they 
are finally accepted for publication and not in the order of 
submission. Acknowledgments to other investigators for advice 
or data must be substantiated by written authorization specifi- 
cally granting permission to authors. 


Concise Reports: BLOOD will consider for rapid editorial 
review and decision Concise Reports of original investigations of 
scientific importance within the broad discipline of hematology. 
The value to the scientific readership of rapid publication is a 
criterion for acceptance of Concise Reports. Such manuscripts 
must represent original and definitive studies and include ade- 
quate description of experimental methods, documentation of 
findings, and references to the literature. No case studies, 
methods papers, or preliminary reports will be considered. The 
Editors will provide decisions on such manuscripts within three 
weeks of receipt at the BLOOD Office. These decisions may not 
be accompanied by detailed reviewers’ comments such as are 
returned with manuscripts handled in the ordinary manner. 
Request for consideration as a Concise Report should be made in 
the author's covering letter upon submission. Concise Reports 
cannot exceed ten typed pages, including tables, figures, and 
references (count two graphs or one photomicrograph as a typed 
page). Papers exceeding the ten-page limit will be delayed while 
the author is being contacted. Papers not accepted for rapid 
publication as Concise Reports may be resubmitted for consider- 
ation as regular manuscripts. 


Letters to the Editor: Letters to the Editor are welcomed and 
will be published if appropriate. They should be typewritten, 
double spaced, and generally should be no more than two 
typewritten pages in length. 


Editorials, Brief Reviews: Editorials and Brief Reviews may 
be solicited by the Editors. These manuscripts must be prepared 


in a manner appropriate for other papers and will be reviewed as 
are original articles submitted for consideration. 

Authors must accept the responsibility of conforming to the 
instructions in "Information for Contributors.” Articles, edito- 
rials, letters to the editor, and other text material in BLOOD 
represent the opinions of the authors and do not reflect the 
opinions of The American Society of Hematology, the publisher, 
or the institution with which the author is affiliated, unless the 
contrary is specified. 

Authors submitting a manuscript do so with the understand- 
ing that if it is accepted for publication, copyright in the article, 
including the right to reproduce the article in all forms and media, 
shall be assigned exclusively to the Publisher. To comply with US 
copyright law and the requirements of the insurance carrier, 
authors of accepted manuscripts and letters will be requested to 
sign a copyright release form. The Publisher will not refuse any 
reasonable request by the author for permission to reproduce any 
of his or her contributions to the journal. 

Submit papers, with a $50.00 (in US funds) check, money 
order, or institutional purchase order to cover the cost of manu- 
script handling, to: John W. Adamson, MD, Editor 

BLOOD 

University District Building —Room 410 
1107 NE 45th St 

Seattle, WA 98105 

(206) 545-8080 


Ali checks and money orders must be marked with the first 
author's name, in order to avoid delay in processing. Receipt of a 
manuscript will be acknowledged by a card bearing the name of 
the Editor or Associate Editor who is assigned responsibility for 
the review process. All correspondence concerning the manu- 
Script should be addressed to the Editor or Associate Editor. 
Effective January 1, 1986, all manuscripts submitted to BLOOD 
and subsequently accepted for publication will be assessed a 
$30.00 charge per published page. This charge is necessary to 
offset the increasing costs of publication. 


Papers reporting human experimentation will be reviewed in 
accordance with the precepts established by the Helsinki Decla- 
ration. Copies of this declaration may be obtained by writing to 
the American Medical Association, 535 N Dearborn St, Chicago, 
IL 606 10. Such papers must include a statement that the human 
investigations were performed after approval by a local Human 
Investigations Committee and in accord with an assurance filed 
with and approved by the Department of Health and Human 
Services where appropriate. 


All manuscripts dealing with recombinant DNA research must 
include a description of the physical and biologic containment 
procedures practiced, in accord with the National Institutes of 
Health Guidelines for Research Involving Recombinant DNA 
Molecules. The Editors of BLOOD will assume that the authors of 
research papers published in BLOOD are prepared to distribute to 
bona fide academic investigators exclusively for their own 
research any clone of cells or DNA used in the experiments. 
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PREPARING THE MANUSCRIPT 


The original and two complete copies of the manuscript 
(including letters to the Editor) must be submitted. Manuscripts 
must be typewritten, double or triple spaced on good quality 
85,-by-11-inch white paper with margins of at least one inch 
Please do not use erasable bond. 

The first page of the manuscript should contain the following 
information: (1) title of the paper; (2) authors’ names; (3) name 
of institution in which work was done; (4) acknowledgments for 
research support; (5) name and address of the author to whom 
communications regarding the manuscript should be directed. 

The second page should contain an abstract of 200 words or 
less, summarizing the reason for the study, the methods used. 
the results, and the major conclusions. Do not include a summary 
at the end of the paper. 


PREPARING ILLUSTRATIONS AND TABLES 


Tables and illustrations must be cited in order in the text using 
arabic numerals. All line drawings should be submitted as clear, 
glossy, black and white photographs. Hand-drawn or hand- 
lettered illustrations are unacceptable. Legible copies may be 
used only with the duplicate manuscripts. Photomicrographs and 
other photographic illustrations must be submitted in triplicate; 
photocopies of photographs and line drawings are not accept- 
able. The name of the first author, figure number, and designation 
of the top of the illustration should be marked on the back of each 
illustration with a soft lead pencil. Authors should avoid mounting 
illustrations on boards unless mounting is necessary to insure 
proper placement. Legends for illustrations should be typewrit- 
ten, double spaced, on a separate sheet, and included at the end 
of the manuscript. A legend must accompany each illustration. 
Contributors will pay all charges involved in processing and 
printing of color photographs. 

Figures, especially charts, graphs, and line drawings, are 
generally reduced in size for publication (consult a recent issue of 
the journal for examples). To maintain legibility it is important 
that all numbers, letters, and symbols be large enough originally 
so that when reduced they will remain at least Y» inch (2 mm) 
high (ie, approximately the same size as used for this line of typel. 
Figures not properly prepared will have to be returned to the 
contributor for revision or will be relettered by the printer and the 
cost charged to the contributor. 

Each table should be typed on a separate sheet and appropri- 
ately numbered. Table legends should be typed on the same 
sheets as the tables. 

Failure to comply with the specifications for preparing illustra- 
tions and tables may result in a delay of the review process. 


REFERENCES 


References should be compiled at the end of the article 
according to the order of citation in the text. They should be 
typewritten, double spaced, under the heading REFERENCES. 
Abbreviations for titles of medical periodicals should conform to 
those used in the latest edition of Index Medicus. (A “List of 
Journals Indexed in Index Medicus” — with abbreviations —is 
obtainable from the Superintendent of Documents, US Govern- 
ment Printing Office, Washington, DC 20402, at a modest 
charge.) Name all authors. Supply only first page number for each 
reference. References to abstracts and letters must be identified 
as such. 


INFORMATION FOR CONTRIBUTORS 


Personal communications and references to publications in 
press by authors other than those submitting the paper must be 
substantiated by a letter fom the investigator(s) concerned 
confirming the data or observations and granting the authors 
permission to cite the material. 


EXAMPLES OF REFERENCES 


Journal article, one or more authors: 

1. Golomb HM, Vardiman J, Sweet DL, Simon D, Varia- 
kojis D: Hairy cell leukemia: Evidence for the existence of a 
spectrum of functional capabilities. Br J Haematol 38:161, 
1978 
Journal article, in press: 

2. O'Malley JE, Eisenberg L: The hyperkinetic syndrome. 
Semin Psychiatry (in press) 

Complete book: 

3. Lillie RD: Histopathologic Technic and Practical Histo- 
chemistry (ed 3). New York. Blakiston, 1965, p 39 
Chapter of book: 

4. Moore G, Minowada J: Human hemopoietic cell lines: A 
progress report, in Farnes P (ed): Hemic Cells In Vitro, vol 4. 
Baltimore, Williams & Wilkins, 1969, p 100 
Chapter of book that is part of published meeting: 

5. Natvig JB, Kunkel HG, Gedde-Dahl T Jr: Genetic studies of 
the heavy chain sub-groups of G globulin, in Killander J (ed): 
Gamma Globulins, Proceedings of the Third Nobel Symposium. 
New York, Wiley, 1967 
Chapter of book that is part of unpublished meeting: 

6. Polliak A: A morphologic study of the lymphoproliferative 
lesions induced by excess vitamin A. First Meeting, European 
Division, International Society of Hematology, Milan, 1971, p 
181 
Abstract: 

7. Curnutte JT, Karnovsky ML, Babior BM: Manganese- 
dependent NADPH oxidation by a particulate preparation from 
guinea pig granulocytes: An alternative interpretation. Clin Res 
23:271A, 1975 (abstr) 

Letter to the Editor: 

8. Seeler RA: Sickle cell anemia monthly variations. Blood 

47:879, 1976 (letter) 


PROOFREADING 


Contributors are provided with galley proofs and are asked to 
proofread them for typesetting errors. important changes in data 
are allowed, but authors will be charged for excessive alterations 
in proof, Galley proofs should be returned within 48 hours. 


REPRINTS 


Reprints of articles can be furnished to contributors when 
ordered in advance of publication. An order form, showing cost of 
reprints, is sent with proofs. Individuals wishing to obtain reprints 
of an article that appeared in BLOOD can do so by contacting the 
author at the address given in the journal. 


ANNOUNCEMENTS 


Announcements of meetings, conferences, and the like that 
are of interest to the readership of BLOOD should be sent to the 
Editor at least three months before the first day of the month of 
issue. Fees for announcements vary, depending on their size and 
the number of issues involved. Prices may be obtained by 
contacting the BLOOD office. 
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ANH [HE CUTTER 
INEOCEE SYSTEM For YOUNG RED CELLS. 


SIMPLE, FAST PROCEDURE 
Neocel provides a simple method 
of separation using a standard centri- 
fuge. significantly reducing cost and 
technical difficulty compared to 
present methods. 


Now, young red cells can be routinely 
used to improve the management 

of chronically transfused patients 

by decreasing the transfusion require- 
ment and the rate of iron loading... 
or whenever the best red cell product 
is indicated. Because now theres 

a commercially available blood bag 
system for efficient, reliable separation 
of red cells by age. 


Provide a better red cell product. 
with the Neocel System for Young Red 
Cells... another Component Enhance- 
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READ ABOUT IT... 
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PROCEDURE... ABOUT HOW 
EARLY DETECTION 

CAN SAVE LIVES... 
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LET'S TALK. For a free booklet 
on colon & rectum cancer, 
contact your local ACS office. 
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Immune Globulin 
Intravenous (Human) 


Today, ours is the only IGIV 
not contraindicated in 
selective IgA deficiency. 


Some patients who need intravenous gamma 
globulin therapy cannot tolerate IgA. Life- 
threatening anaphylactic reactions have resulted 
from infusion of immune globulin containing only 
15 micrograms of IgA per milliliter* Our response: 
A DEAE-Sephadex adsorption step is included 

in the GAMMAGARD* IGIV manufacturing process; 
this removes most non-IgG proteins and IgA. 
Result: IgA levels in GAMMAGARD® IGIV are 
very low; radioimmunoassay test results for 
six randomly selected lots range between 
0.27 and 1.55 micrograms/ml. This degree of 
purity greatly reduces the risk of side reactions, 
particularly for highly sensitive patients. On-going 
studies (as reported in The New England Journal 
of Medicine* ), indicate that patients with long 
histories of IgA-related anaphylaxis tolerate 
GAMMAGARD® IGIV well. IGIV should still be 
given with caution in these patients. 

The "second-generation" process used to 
produce GAMMAGARD: IGIV is responsible 
for its excellent therapeutic characteristics. 
For example, GAMMAGARD® IGIV retains full 
native antibodv activities, as well as the normal 
distribution of IgG subclasses. 

When your immunocompromised patients 
require protection, think of GAMMAGARD" 
IGIV—the IGIV with very low levels of IgA, high 
levels of purified IgG monomer, and remarkably 
high titers for an impressive variety of pathogens 
in short the IGIV with the purity, safety and 
efficacy vour patients must have. 

*Burks, A. W., Sampson, H. A., and Buckley, R. H. (1986): 
Anapbylactic Reactions after Gamma Globulin Administra- 


tion in Patients with Hypogammaglobulinemia. 
New England Journal of Medicine 314 (9): 560.564 


TRAVENOL LABORATORIES, INC. 
HYLAND THERAPEUTICS DIVISION 
GLENDALE, CA 91202 US.A. 


For further information call 800/423-2090; 
from California, 800/232-2200. 


See the following page for full 
prescribing information. 

















































DIRECTION INSERT 


Immune Globulin Intravenous (Human) 
AMMAGARD® 


DESCRIPTION 

immune Globulin Intravenous (Human), 
GAMMAGARD® * is a sterile, dried, highly purified 
preparation of immunoglobulin which is derived from 
the cold ethanol fractionation process and is fur- 
ther purified using ultrafiltration and ion exchange 
adsorption. When reconstituted with the appropriate 
volume of diluent, this preparation contains approx- 
imately 50 mg of protein per mL, of which at least 
90% is gamma globulin. The reconstituted product 
contains approximately 1% sodium chloride, not 
more than 20 mg/mL glucose, not more than 
0.2 g/dL PEG, and 0.3M glycine as a stabilizing 
agent. It has a pH of 68:04. 

The manufacturing process for Immune Globulin 
Intravenous (Human), GAMMAGARD, isolates 
gamma globulin without additional chemical or 
enzymatic modification and the Fc portion is main- 
tained intact. Immune Globulin Intravenous (Human), 
GAMMAGARD contains all the immunoglobulin G 
antibody activities which are present in the donor 
population. On the average, the distribution of IgG 
subclasses present in this product is the same as 
is present in normal plasma: Immune Globulin Intra- 
venous (Human), GAMMAGARD contains only trace 
amounts of IgM and IgA. 

Immune Globulin Intravenous 
GAMMAGARD contains no preservative. 

This product has been prepared from large pools 
of human plasma which was taken only from plasma 
units found to have normal levels of alanine amino- 
transferase (ALT). Each unit of plasma used in the 
manufacture of this product has been found to be 
nonreactive for HBsAg and HTLV-I antibody by 
FDA approved tests. 


CLINICAL PHARMACOLOGY 

Immune Globulin Intravenous (Human), 
GAMMAGARD contains a broad spectrum of IgG 
antibodies against bacterial and viral agents that 
are capable of opsonization and neutralization of 
microbes and toxins. 

Peak levels of IgG are reached immediately after 
infusion of Immune Globulin Intravenous (Human), 
GAMMAGARD. It has been shown that IgG is 
distributed relatively rapidly between plasma and 
extravascular fluid until approximately half of the 
total body pool is partitioned in the extravascular 
space. A rapid initial drop in serum levels is, 
therefore, to be expected.? 

As a class, IgG survives longer in vivo than other 
serum proteins.?.3 Studies show that the half-life of 
Immune Globulin Intravenous (Human), 
GAMMAGARD is approximately 24 days. These find- 
ings are consistent with reports of a 21 to 25 day 
half-life for IgG.2-3-4 The half-life of IgG can vary 
considerably from person to person, however. In 
particular, high concentrations of IgG and hyper- 
metabolism associated with fever and infection have 
been seen to coincide with a shortened half-life of 
igG.2,3.4,5 


INDICATIONS AND USAGE 


Antibody Deficiency 

immune Globulin intravenous (Human), 
GAMMAGARD is efficacious in the treatment of 
primary immunodeficient states in which severe 
impairment of antibody forming capacity has 


(Human), 


been shown, such as: congenital agammaglobu- 
linemias, common variable immunodeficiency, 
Wiskott-Aldrich syndrome, and severe combined 
immunodeficiencies.4.5 

Immune Globulin Intravenous (Human), 
GAMMAGARD is especially useful when high levels 
or rapid elevation of circulating gamma globulins 
are desired or when intramuscular injections are 
contraindicated. 


CONTRAINDICATIONS 
None known. 


WARNINGS 

Immune Globulin Intravenous (Human), 
GAMMAGARD should only be administered intra- 
venously. Other routes of administration have not 
been evaluated. 

Immune Globulin Intravenous (Human), 
GAMMAGARD contains very iow quantities of IgA 
(not more than 10 g/mL) and although no instances 
of anaphylaxis associated with the use of this pro- 
duct have been observed during the clinical trials, 
such reactions have been observed with other im- 
munoglobulin products.5.$ Immune Globulin 
Intravenous (Human), GAMMAGARD should be given 
with caution to patients with antibodies to IgA or 
selective IgA deficiencies. 


PRECAUTIONS 


Drug Interaction 

Admixtures of Immune Globulin Intravenous 
(Human), GAMMAGARD with other drugs have not 
been evaluated. it is recommended that Immune 
Globulin intravenous (Human), GAMMAGARD be ad- 
ministered separately from other drugs or medica- 
tion which the patient may be receiving. 


Pregnancy Category C 

Animal reproduction studies have not been con- 
ducted with Immune Globulin Intravenous (Human), 
GAMMAGARD. It is also not known whether Immune 
Globulin Intravenous (Human}, GAMMAGARD can 
cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Immune 
Globulin Intravenous (Human), GAMMAGARD should 
be given to a pregnant woman only if clearly needed. 


ADVERSE REACTIONS 

The incidence of untoward reactions to Immune 
Globulin Intravenous (Human), GAMMAGARD is low, 
although various minor reactions, such as head- 
ache, fatigue, chills, backache, lightheadedness, fever 
and nausea may occasionally occur. The incidence 
of these reactions during the clinical trials was less 
than 6%. Slowing or stopping the infusion usually 
allows the symptoms to disappear promptly. 

Immediate anaphylactic and hypersensitivity re- 
actions due to previous sensitization, although they 
have not been observed during the clinical trials, are 
a possibility. Epinephrine should be available for treat- 
ment of any acute anaphylactoid reaction. (See 
WARNINGS.) 


DOSAGE AND ADMINISTRATION 


Antibody Deficiency 

For patients with primary immunodeficiencies, 
monthly doses of at least 100 mg/kg are recom- 
mended. Initially, patients may receive 200-400 
mg/kg. As there are significant differences in the 
haif-life of IgG among patients with primary im- 
munodeficiencies, the frequency and amount of im- 
munoglobulin therapy may vary from patient to 
patient. The proper amount can be determined by 


monitoring clinical response and/or the serum IgG 
levels before each dose, to insure that they do not 
drop below 500 mg/dL. 


Rate of Administration 

it is recommended that initially a rate of 0.5 mL/kg 
per Hr be used. If infusion at this rate causes the 
patient no distress, the administration rate may be 
gradually increased but should not exceed 4 mL/kg 
per Hr. 

A rate of administration which is too rapid may 
cause flushing and changes in pulse rate and blood 
pressure. Slowing or stopping the infusion usually 
allows the symptoms to disappear promptly. 


Administration 

Immune Globulin Intravenous (Human), 
GAMMAGARD should be administered as soon after 
reconstitution as possible. Administration should not 
begin more than 2 hours after reconstitution. 

The reconstituted material should be at room 
temperature during administration. 

Parenteral drug products should be inspected 
visually for particulate matter and discoloration prior 
to administration, whenever solution and container 
permit. 

Follow directions for use which accompany the ad- 
ministration set. If a Hyland set is not used, make 
sure the administration set contains an adequate filter. 


How Supplied 

Immune Globulin Intravenous (Human), 
SAMMAGARD is supplied in either 2.5 g or 50 g 
single use vials. Each vial of Immune Globulin Intra- 
venous (Human), GAMMAGARD is furnished with 
a suitable volume of Sterile Water for Injection, USP, 
a transfer device and an administration set which 
zontains an integral airway and a 15 micron filter. 


Storage 

Immune Globulin Intravenous (Human), 
GAMMAGARD should be stored under ordinary 
refrigeration, (2 to 8 °C, 36 to 46 °F). Freezing should 
3e avoided to prevent the diluent bottle from breaking. 
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Diffuse-Large-Cell Lymphoma 
84% Complete Response 
90% of Complete Responders 
Disease- Free at Two Years’ 


MACOP-B 


Drug Doses and Treatment Schedule for MACOP-Bt 








IV = intravenous. 





! 

i 

| 

. i 

** Methotresare given as a 100 mg/nY intravenous bolus, then 300 mg/m? intravenously over 4 hours, followed 24 hours later | 
by folinic acid, 15 mg orally, every 6 hours for 6 doses | 
a 


Drug, Dose Route Timing 

Methotrexate t f 400 mg/m? IV Weeks 2, 6, 10 | 
Doxorubicin 50 mg/m? IV Weeks 1, 3, 5. 7, 9. ll i 
Cyclophosphamide 350 mg/nv IV Weeks 1, 3,5, 7, 9. H 

Vineristine 1.4 mg/m’? IV Weeks 2, 4, 6, 8, 10, 12 | 
Bleomycin 10 U/nv IV Weeks 4, 8, 12 | 
Prednisone 75 mg Oral Daily, dose tapered over the last 15 days | 
Co-trimoxazole 2 tablets Oral Twice daily throughout | 





* MACOP-B = methotrexate with leucovorin rescue, doxorubicin, cvclophosphamide, vincristine, prednisone, and bleomycin: 





* Kimo P, Connors JM: MACOP-B chemotherapy for the treatment of diffuse largc-cell lymphoma. Ann Intern Med 


102:596-602, 1985. 





sterile bleomvcin sulfate) 
Brief Summary of Prescribing Information (1) 10/84. For 


complete prescribing information please consult product 
iterature. 








WARNING 


It i$ recommended that Blenoxane* be administered under the 
Supervision of a qualified physician experienced in the use of cancer 
chemotherapeutic agents. Appropriate management of therapy and 
complications is possible only when adequate diagnostic and 
treatment facilities are readily available. 

Pulmonary fibrosis is the most severe toxicity associated with 
Bienoxane. The most frequent presentation is pneumonitis ocea- 
sionally progressing to pulmonary fibrosis. Its occurrence is higher 
in elderly patients and in those receiving greater than 400 units total 
dose, but pulmonary toxicity has been observed in young patients 
and those treated with low doses. 

A severe idiosyncratic reaction consisting of hypotension, mental 
confusion, fever. chills. and wheezing has been reported in 








[approximately 1% of lymphoma patients treated with Blenoxane 





INDICATIONS: Bienoxane should be considered a palliative treat- 
ment. it has been shown to be useful in the management of the 
following neoplasms either as a single agent or in proven combina- 
tions with other approved chemotherapeutic agents: 

Squamous Cell Carcinoma — Head and neck including mouth. 
tongue. tonsil. nasopharynx. oropharynx, sinus, palate. lip. buccal 
mucosa, gingiva, epiglottis. skin, larynx, penis, cervix, and vulva. The 
response to Bienoxane is poorer in patients with head and neck cancer 
previously irradiated. 

Lymphomas — Hodgkin's, reticulum cell sarcoma, lymphosarcoma 

Testicular Carcinoma — Embryonal celi, choriocarcinoma, and 
teratocarcinoma. 


CONTRAINDICATIONS: Blenoxane is contraindicated in patients 
who have demonstrated a hypersensitive or an idiosyncratic reaction 
to it 


WARNINGS: Patients receiving Blenoxane must be observed 
carefully and frequently during and after therapy. It should be used 
with extreme caution in patients with significant impairment of renal 
function or compromised pulmonary function. 

Pulmonary toxicities occur in 10% of treated patients. In approx- 
imately 1%, the nonspecific pneumonitis induced by Blenoxane 
progresses to pulmonary fibrosis. and death. Although this is age and 


dose related, the toxicity is unpredictable. Frequent roentgenograms 
are recommended. 

Idiosyncratic reactions similar to anaphylaxis have been reported in 
1% of lymphoma patients treated with Blenoxane. Since these usually 
occur after the first or second dose, careful monitoring is essential 
atter these doses 

Rena! or hepatic toxicity. beginning as a deterioration in renal or 
liver function tests. have been reported, infrequently. These toxicities 
may occur, however, at any time after initiation of therapy. 

Usage in Pregnancy: Safe use of Blenoxane in pregnant women has 
not been established 


ADVERSE REACTIONS: Pulmonary — This is potentially the most 
Serious side effect, occurring in approximately 10% of treated 
patients. The most frequent presentation is pneumonitis occasionally 
progressing to pulmonary fibrosis. Approximately 1% of patients 
treated have died of pulmonary fibrosis. Pulmonary toxicity is both 
dose and age-related. being more common in patients over 70 years of 
age and in those receiving over 400 units total dose. This toxicity. 
however, is unpredictable and has been seen occasionally in young 
patients receiving low doses 

Because of iack of specificity of the clinical syndrome. the 
identification of patients with pulmonary toxicity due to Blenoxane has 
been extremely difficult. The earliest symptom associated with 
Blenoxane pulmonary toxicity is dyspnea. The earliest sign is fine 
rales 

Radiographicaily. Blenoxane-induced pneumonitis produces non- 
specific patchy opacities, usually of lower lung fields. The most 
common changes in pulmonary function tests are a decrease in total 
lung volume and a decrease in vila: capacity However, these changes 
are not predictive of the development of pulmonary fibrosis. 

The microscopic tissue changes due to Blenoxane toxicity include 
bronchiolar squamous metaplasia. reactive macrophages. atypical 
alveolar epithelial cells, fibrinous edema. and interstitial fibrosis. The 
acute stage may involve capillary changes and subsequent fibrinous 
exudation into aiveoli producing a change similar to hyaline membrane 
formation and progressing to a diffuse interstitial fibrosis resembling 
the Hamman-Rich syndrome. These microscopic findings are non- 
Specific, e.g.. similar changes are seen in radiation pneumonitis, 
pneumocystic pneumonitis, 

To monitor the onset of pulmonary toxicity. roentgenograms of the 
chest should be taken every 1 to 2 weeks. if pulmonary changes are 
noted, treatment should be discontinued until it can be determined if 
they are drug related. Recent studies have suggested that sequential 
measurement of the pulmonary diffusion capacity for carbon monox- 
ide (DL, during treatment with Blenoxane may be an indicator of 
Subclinical pulmonary toxicity. It is recommended that the Dle, be 
monitored monthly if it is to be employed to detect pulmonary 
toxicities, and thus the drug shouid be discontinued when the DL. 


falis below 30 to 35% of the pretreatment value 

Because of bieomycin's sensitization of lung tissue. patients who 
have received bleomycin are at greater risk of developing pulmonary 
toxicity when oxygen is administered at surgery. While long exposure 
to very high oxygen concentrations is a Known cause of lung damage 
after bleomycin administration. lung damage can occur al lower 
concentrations than usually would be considered safe. Suggested 
preventive measures are 
(1) Maintain Fi O; at concentrations approximately that of room air 

(25%) during surgery and the post-operative period. 
(2) Monitor carefully fluid replacement. focusing more on colloid 

administration rather than crystalloid 

idiosyncratic Reactions — in approximately 1% of the lymphoma 
patients treated with Bienoxane an idiosyncratic reaction, similar to 
anaphylaxis clinically has been reported. The reaction may be 
immediate or delayed for several hours, and usually occurs after the 
first or second dose. It consísts of hypotension. mental confusion 
fever. chilis, and wheezing. Treatment is symptomatic including vot- 
ume expansion. pressor agents. antihistamines. and corticosteroids 

integument and Mucous Membranes — These are the most 
frequent side effects. being reported in approximately 50% of treated 
patients. These consist of erythema, rash, striae, vesiculation 
hyperpigmentation, and tenderness of the skin. Hyperkeratosis. nail 
changes, alopecia, pruritus, and stomatitis have aiso been reported. It 
was necessary to discontinue Blenoxane therapy in 2% of treated 
patients because of these toxicities 

Skin toxicity is a relatively late manifestation usually developing in 
the 2nd and 3rd week of treatment after 150 to 200 units of Blenoxane 
have been administered and appears to be related to the cumulative 
dose 

Other — Fever. chills. and vomiting were frequently reported side 
effects. Anorexia and weight loss are common and may persist long 
after termination of the medication. Pain at tumor site, phlebitis. and 
other local reactions were reported infrequently 

There are isolated reports of Raynaud's phenomenon occurnng in 
patients with testicular carcinomas treated with a combination of 
Blenoxane and Velban*. it is currently unknown if the cause for the 
Raynaud's phenomenon in these cases is the disease. Blenoxane, 
Velban. or a combination of any or all of these 
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An important new book designed to aid the professional! 


POORLY DIFFERENTIATED 
NEOPLASMS AND TUMORS OF 
UNKNOWN ORIGIN 


Edited by 


MEHMET F. FER, M.D., ROBERT K. OLDHAM, M.D., and 


F. ANTHONY GRECO, M.D. 


Clinical Oncology Monographs Series 


Series Editors: John W. Yarbro, M.D., Ph.D., Richard S. Bornstein, M.D., and Michael J. Mastrangelo, M.D. 


This important new book reviews in detail the diagnostic 
techniques, clinical syndromes, and therapeutic approaches 
to poorly differentiated neoplasms and tumors of unknown 
origin. 

The interdisciplinary coverage in the text includes com- 
prehensive discussions of the role of the pathologist in the 
evaluation of these malignancies, followed by general diag- 
nostic techniques, tumor markers, commonly seen clinical 
syndromes, and new experimental methods. 

Poorly Differentiated Neoplasms and Tumors of Un- 
known Origin will aid the oncologist, pathologist, internist, 
and hematologist with the difficult classification and selec- 
tion of therapy for patients with these disorders. 


CONTENTS: Contributors. Mehmet F Fer, F Anthony Greco, 
and Robert K, Oldham, Introduction. Bruce Mackay and 
Nelson G. Ordonez, The Role of the Pathologist in the Evalu- 
ation of Poorly Differentiated Tumors and Metastatic Tumors 
of Unknown Origin. Raymond W Ruddon, Immunologic and 
Biochemical Markers in the Diagnosis and Management of 
Poorly Differentiated Neoplasms and Cancers of Unknown 
Primary. Q. Scott Ringenberg and John W Yarbro, Presenta- 
tions and Clinical Syndromes of Tumors of Unknown Origin. 
Matthew L. Sherman and Marc B. Garnick, Adenocarcinoma 
of Unknown Anatomic Origin: Evaluation and Therapy. Craig 
L. Silverman and James E. Marks, Epidermoid and Undif- 
ferentiated Carcinoma and Unknown Origin. Armando E. 
Giuliano, Alistair]. Cochran, and Donald L. Morton, Melano- 
ma with an Unknown Primary Site and Amelanotic Mela- 
noma. John D. Hainsworth and F Anthony Greco, Advanced 
Poorly Differentiated Carcinoma of Unknown Primary Site: 
Clinical Characteristics and Treatment Results. Allan Jones, 
George Farrow, and Ronald L. Richardson, Extragonadal 


Germ Cell Cancer Syndrome: The Mayo Clinic Experience. 
Jon C. Ross, Michael R. Hendrickson, Norio Azumi, and 
Richard L. Kempson, The Problem of the Poorly Differen- 
tiated Sarcoma. Mehmet F. Fer, Paul G. Abrams, Robert K. 
Oldham, Stephen A. Sherwin, James Mulshine, F Anthony 
Greco. and Mary J. Matthews, Poorly Differentiated Lung 
Cancer. Ellen P. Wright, Alan D. Glick, John C. York, Maria R. 
Baer, Robert D. Collins, and John B. Cousar, Unclassified 
Hematopoietic and Lymphoid Neoplasms: Clinicopatho- 
logic Features. Ronald L. Richardson, Small Cell Carcinomas 
of Extrapulmonary Origin. Richard P. Kadota, Gerald S. Gil- 
christ, and Lester E. Wold, Poorly Differentiated Small Round 
Cell Malignancies of Childhood. Geoffrey Mendelsohn and 
Stephen B. Baylin, Time-Dependent Changes in Human 
Tumors: Implications for Diagnosis and Clinical Behavior. 
Kevin C. Gatter and David Y Mason, The Use of Monoclonal 
Antibodies in the Histopathologic Diagnosis of Human 
Malignancy. Michael A. Cornbleet and Harvey M. Golomb, 
Chromosome Abnormalities in Solid Tumors: Potential Ap- 
plications to Tumor Recognition. William W Grosh and 
Daniel D. Von Hoff, The Human Tumor Clonogenic Assay 
and Other Cell Culture Techniques: Potential Applications 
to the Study of Undifferentiated Neoplasms or Cancers of 
Unknown Origin. John S. Meyer, Hormone Receptors in 
Human Malignancy of Unknown Origin: Potential Utility in 
Clinical Management. Ajay Bakhshi, Andrew Arnold, John]. 
Wright, Katherine A. Siminovitch, Thomas A. Waldmann, and 
Stanley J. Korsmeyer, Gene Rearrangements as Specific 
Clonal Markers in Human Neoplasms. John S. Meyer, Poten- 
tial Value of Cell Kinetics in Management of Cancers of Un- 
known Origin. Nicholas J. Robert, Marc. B. Garnick, and Emil 
Frei, II, Undifferentiated Neoplasms and Cancers of Un- 
known Primary: A Clinicopathological Perspective. Index. 
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Featuring a new editor and internationally recognized contributors! 
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Progress in Hemostasis and Thrombosis, Volume 8, car- 
ries on the tradition established for the series under Dr. 
Theodore Spaet's editorship, of publishing definitive 
reviews on major topics of current interest in the broad 
fields of hemostasis and thrombosis. 

For the first edition under his editorship, Dr. Barry S. 
Coller has selected a rich mixture of both basic and clinical 
topics written by authors with outstanding international 
reputations. Several chapters deal extensively with the new 
therapeutic modalities, including thrombolysis with tissue 
plasminogen activators, intravenous gamma-globulin, and 
DDAVP. Among the other topics covered are: the 
hereditary thrombophilias; Factor VIII; Protein Kinase C; 
Transcellular Metabolism of Eicosenoids; Porcine von 
Willebrand's Disease; and Heparin-like Molecules of the 
Endothelium. 

Progress in Hemostasis and Thrombosis, Volume 8, 
presents hematologists, cardiologists, basic scientists, and 
other interested professionals, with in-depth reviews of im- 
portant topics in the field. 
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DESCRIPTION: Roferon’-A (Interferon alfa-2a, recombinant/Roche) is a 
sterile protein product for use by injection. Roferon-A is manufactured by 
recombinant DNA technoiogy that employs a genetically engineered E. coli 
bacterium containing DNA that codes for the human protein. Interferon 
alfa-2a, recombinant/Roche is a highly purified protein containing 165 amino 
acids, and it has an approximate molecular weight of 19,000 daltons. The 
purification procedure inciudes affinity chromatography using a murine 
monoclonal antibody. Roferon-A is supplied as an injectabie solution. The 
solution is colorless and contains interferon alfa-2a, recombinant/Roche, 
phenol as a preservative, sodium chloride for isotonicity and human serum 
albumin as a stabilizer. Fermentation is carried out in a defined nutrient 
medium containing the antibiotic tetracycline hydrochloride, 5 mg/liter. How- 
ever, the presence of the antibiotic is not detectable in the final product. 
Each vial of Roferon-A contains 3 million or 18 million international units (IU) 
of Interferon alfa-2a, recombinant/Roche. The specific activity of Interferon 
alfa-2a, recombinant/Roche, is 2 x 10° lU/mg protein. The route of 
administration is subcutaneous or intramuscular. 

CLINICAL PHARMACOLOGY: The mechanism by which interferon alfa-2a 
recombinant/Roche, or any other interferon, exerts antitumor activity is not 
clearly understood. However, it is believed that direct antiproliferative action 
against tumor cells and modulation of the host immune response play 
important roles in the antitumor activity. 

The biological activities of Interferon alfa-2a, recombinant Roche are 
Species-restricted, i.e., they are expressed in a very limited number of spe- 
cies other than humans. As a consequence, preclinical evaluation of 
Interferon alfa-2a, recombinant/Roche has involved in vitro experiments with 
human cells and some in vivo experiments.! Using human cells in culture. 
Interferon alfa-2a, recombinant/Roche has been shown to have antiprolifer- 
ative and immunomodulatory activities that are very similar to those of the 
mixture of interferon alfa subtypes produced by human leukocytes. /n vivo, 
interferon alfa-2a, recombinant/Roche has been shown to inhibit the growth 
of several human tumors growing in immunocompromised (nude) mice. 
Because of its species-restricted activity, it has not been possible to 
demonstrate antitumor activity in immunologically intact syngeneic tumor 
model systems, where effects on the host immune system would be 
observable. However, such antitumor activity has been repeatedly demon- 
Strated with, for example, mouse interferon-alfa in transplantable mouse 
tumor systems. The clinical significance of these findings is unknown. 

The metabolism of interferon alfa-2a, recombinant/Roche is consistent with 
that of alfa interferons in general. Alfa interferons are totally filtered through 
the glomeruli and undergo rapid proteolytic degradation during tubular 
reabsorption, rendering a negligible reappearance of intact alfa interferon in 
the systemic circulation. Small amounts of radiolabeled Interferon alfa-2a, 
recombinant/Roche appear in the urine of isolated rat kidneys, suggesting 
near complete reabsorption of interferon alfa-2a, recombinant/Roche 
catabolites. Liver metabolism and subsequent biliary excretion are 
considered minor pathways of elimination for alfa interferons. 

The serum concentrations of Interferon alfa-2a, recombinant Roche 
retlected a large intersubject variation in both healthy volunteers and patients 
with disseminated cancer. 

In healthy people, Interferon alfa-2a, recombinant Roche exhibited an 
elimination half-life of 3.7 to 8.5 hours (mean 5.1 hours), volume of 
distribution at steady-state of 0.223 to 0.748 L/kg (mean 0.400 L’kg) and a 
total body clearance of 2.14 to 3.62 mL'/min/kg (mean 2.79 mL/min/kg) after a 
36 million IU (2.2 x 10? pg) intravenous infusion. After intramuscular and 
subcutaneous administrations of 36 million IU, peak serum concentrations 
ranged from 1500 to 2580:pg/mL (mean 2020 pg/mL) at a mean time to peak 
of 3.8 hours and from 1250 to 2320 pg/mL (mean 1730 pg/mL) at a mean 
time to peak of 7.3 hours, respectively. The apparent fraction of the dose 
absorbed after intramuscular injection was greater than 80% 

The pharmacokinetics of Interferon alfa-2a. recombinant/Roche after single 
intramuscular doses to patients with disseminated cancer were similar to 
those found in healthy volunteers. Dose proportional increases in serum 
concentrations were observed after single doses up to 198 million IU. There 
were no changes in the distribution or elimination of Interferon alfa-2a, 
recombinant Roche during twice daily (0.5 to 36 million tU), once daily (1 to 
54 million IU), or three times weekly (1 to 136 million IU) dosing regimens up 
to 28 days of dosing. Multiple intramuscular doses of Interferon alfa-2a. 
recombinant/Roche resulted in an accumulation of 2 to 4 times the single 
dose serum concentrations. Pharmacokinetic information in patients with 
hairy cell leukemia is presently unknown. 

The acute parenteral toxicity of interferon alfa-2a, recombinant Roche has 
been studied in mice, rats, rabbits and ferrets at doses up to 30 million IU/kg 
intravenously, and 500 million IU/kg intramuscularly. No treatment-related 
mortality was noted in any species given Interferon alfa-2a, recombinant 
Roche by any of the routes of administration. 

Effects on Hairy Cell Leukemia: During the first one to two months of 
treatment of patients with hairy cell leukemia, significant depression of 
hematopoiesis was likely to occur. Subsequently, there was improvement in 
circulating blood cell counts. 

Of the 75 patients who were evaluable for efficacy following at least 16 
weeks of therapy. 46 (61%) achieved complete or partial response. 
Twenty-one patients (28%) had a minor remission, eight (11%) remained 
stable, and none had worsening of disease. All patients who achieved either 
a complete or partial response had complete or partial normalization of all 
peripheral blood elements including hemoglobin level, white blood celi, 
neutrophil, monocyte and:platelet counts with a concomitant decrease in 
peripheral blood and bone marrow hairy cells. Responding patients also 
exhibited a marked reduction in red blood ceil and platelet transfusion 
requirements, a decrease in infectious episodes and improvement in 
performance status. The probability of survival for two years in patients 
receiving Roferon-A (94%) was statistically increased compared toa 
historical control group (75%). 
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INDICATIONS AND USAGE: Roferon-A is indicated for use in the treatment 
of hairy cell leukemia in people 18 years of age or older Studies have shown 
that Roferon-A can produce clinically meaningful regression or stabilization 
of this disease, both in previously splenectomized and nonsplenectomized 
patients ?3 

Prior to initiation of therapy, tests should be performed to quantitate 
peripheral blood hemoglobin, platelets, granulocytes and hairy cells and 
bone marrow hairy cells. These parameters should be monitored periodically 
(e.g., monthly) during treatmert to determine whether response to treatment 
has occurred. If a patient does not respond within six months, treatment 
should be discontinued. If a response to treatment does occur. treatment 
should be continued until no further improvement is observed and these lab- 
oratory parameters have been stable for about three months. It is not known 
whether continued treatment after that time is beneficial. Studies are in 
progress to evaluate this question. 

CONTRAINDICATIONS: Roferon-A is contraindicated in patients with 
known hypersensitivity to alfa interferon, mouse immunoglobulin or any 
component of the product. 

WARNINGS: Roferon-A should be administered under the guidance of a 
qualified physician. (See DOSAGE AND ADMINISTRATION.) Appropriate 
management of the therapy and its complications is possible only when 
adequate diagnostic and treatment facilities are readily available. 

Roferon-A should be used with caution in patients with severe preexisting 
cardiac disease, severe renal or hepatic disease, seizure disorders and/or 
compromised central nervous system function. 

Because of the possibility of severe or even fatal adverse reactions, patients 
should be informed not only of the benefits of therapy but also of the risks 
involved. 

Roferon-A should be administered with caution to patients with cardiac 
disease or with any history of cardiac illness. No direct cardiotoxic effect has 
been demonstrated, but it is likely that acute, self-limited toxicities (/.e., fever, 
chills) frequently associated with Roferon-A administration may exacerbate 
preexisting cardiac conditions. Rarely, myocardial infarction has occurred in 
patients receiving Roferon-A. 

Caution should be exercised when administering Roferon-A to patients with 
myelosuppression. 

Central nervous system adverse reactions have been reported in a number 
of patients. These reactions included decreased mental status, exaggerated 
centrai nervous system function, and dizziness. More severe obtundation 
and coma have been rarely observed. Most of these abnormalities were mild 
and reversible within a few days to three weeks upon dose reduction or 
discontinuation of Roferon-A therapy. Careful periodic neuropsychiatric 
monitoring of ail patients is recommended. 

Leukopenia and elevation of hepatic enzymes occurred frequently but were 
rarely dose-limiting. Thrombocytopenia occurred less frequently. Proteinuria 
and increased cells in urinary sediment were also seen infrequently. Rarely, 
significant hepatic, renal and myelosuppressive toxicities were noted. 
PRECAUTIONS: General: In all instances where the use of Roferon-A is 
considered for chemotherapy, the physician must evaluate the need and 
usefulness of the drug against the risk of adverse reactions. Most adverse 
reactions are reversible if detected early. If severe reactions occur, the drug 
should be reduced in dosage or discontinued and appropriate corrective 
measures should be taken according to the clinical judgment of the 
physician. Reinstitution of Roferon-A therapy should be carried out with 
caution and with adequate consideration of the further need for the drug and 
alertness as to possible recurrence of toxicity. 

The minimum effective dose of Roferon-A for treatment of hairy cell 
leukemia has not been established. 

Information for Patient: Patients should be cautioned not to change brands 
of interferon without medical consultation, as a change in dosage may 
result. Patients should be informed regarding the potential benefits and risks 
attendant to the use of Roferon-A. If home use is determined to be desirable 
by the physician, instructions on appropriate use should be given, including 
review of the contents of the enclosed Patient Information Sheet. Patients 
should be well hydrated, especially during the initial stages of treatment. 
Laboratory Tests: Periodic complete biood counts and liver function tests 
should be performed during the course of Roferon-A treatment. They should 
be performed prior to therapy and at appropriate periods during therapy. 
Since responses of hairy cell leukemia are not generally observed for one to 
three months after initiation of treatment, very careful monitoring for severe 
depression of blood cell counts is warranted during the initial phase of 
treatment. 

Those patients who have preexisting cardiac abnormalities and/or are in 
advanced stages of cancer should have electrocardiograms taken prior to 
and during the course of treatment. 

Carcinogenesis, Mutagenesis and Impairment of Fertility: 

Carcinogenesis: Roferon-A has not been tested for its carcinogenic potential. 
Mutagenesis: A. Internal studies— Ames tests using six different tester 
strains, with and without metabolic activation, were performed with 
Roferon-A up to a concentration of 1920 j.g/plate. There was no evidence of 
mutagenicity. 

Human lymphocyte cultures were treated in vitro with Roferon-A at 
noncytotoxic concentrations. No increase in the incidence of chromosomal 
damage was noted. 

B. Published studies-- There are no published studies on the mutagenic 
potential of Roferon-A. However, a number of studies on the genotoxicity of 
human leukocyte interferon have been reported. 

A chromosomal defect following the addition of human leukocyte interferon 
to lymphocyte cultures from a patient suffering from a lymphoproliferative 
disorder has been reported. 

In contrast, other studies have failed to detect chromosomal abnormalities 
following treatment of lymphocyte cultures from healthy volunteers with 
human leukocyte interferon. 

It has also been shown that human leukocyte interferon protects primary 
chick embryo fibroblasts from chromosomal aberrations produced by 
gamma rays. 

Impairment of Fertility: Roferon-A has been studied for its effect on fertility in 
Macaca mulatta (rhesus monkeys). Nonpregnant rhesus females treated 
with Roferon-A at doses of 5 and 25 million IU/kgí/day have shown menstrual 
cycle irregularities, including prolonged or shortened menstrual periods and 
erratic bleeding: these cycles were considered to be anovulatory. These 
monkeys returned to a normal menstrual rhythm following discontinuation of 
treatment. 

Drug interactions: Interactions between Roferon-A and other drugs have not 
been fully evaluated. 
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PREGNANCY: Teratogenic Effects: Pregnancy Category C. Roferon-A has 
been shown to demonstrate a statistically significant increase in abortifacient 
activity in rhesus monkeys when given at approximately 20 to 500 times the 
human dose. A study in pregnant rhesus monkeys treated with 1, 5 or 25 
million 1U/kg/day of Roferon-A in their early to midfetal period (days 22 to 70 
of gestation) has failed to demonstrate teratogenic activity for Roferon-A. 
There are no adequate and well-controlled studies in pregnant women. 
Nonteratogenic Effects: Dose-related abortifacient activity was observed in 
pregnant rhesus monkeys treated with 1, 5 or 25 million IU/kg/day of 
Roferon-A in their early to midfetal period (days 22 to 70 of gestation). A 
late-fetal period study (days 79 to 100 of gestation) is in progress and as yet 
there have been no reports of any increased rate of abortion. 

Usage in Pregnancy: Safe use in human pregnancy has not been estab- 
lished. Therefore, Roferon-A should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. Information from 
primate studies showed dose-related menstrual irregularities and an 
increased incidence of spontaneous abortions. Therefore. fertile women 
should not receive Roferon-A unless they are using effective contraception 
during the therapy period. 

Male fertility and teratologic evaluations have yielded no significant adverse 
effects to date. 

Nursing Mothers: It is not known whether this drug is excreted in human 
milk. Because many drugs are excreted in human milk and because of the 
potential for serious adverse reactions in nursing infants from Roferon-A, a 
decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the mother. 

Pediatric Use: Satety and effectiveness in children under 18 years of age 
have not been established. 

ADVERSE REACTIONS: The following data on adverse reactions are 
based on the subcutaneous or intramuscular administration of Roferon-A as 
a single agent for the treatment of 63 patients with hairy cell leukemia during 
investigational trials in the United States. 

Flu-like syndromes consisting of fatigue (89%), fever (98%), chills (64%), 
myalgias (73%) and headache (71%) occurred in the majority of patients and 
tended to diminish with continuing therapy. Other side effects such as 
anorexia (46%), nausea (32%), emesis (10%), diarrhea (29%), dizziness 
(21%), rash (18%), change in taste (13%), dryness or inflammation of the 
oropharynx (16%), dry skin or pruritus (13%) and weight loss (14%) were 
observed with moderate frequency. Less commonly, diaphoresis (8°), 
paresthesias (6%), numbness (6%), partial alopecia (8%), reactivation of 
herpes labialis (8%), transient impotence (6%) and arthralgias (5%) were 
also observed. Rarely (<3%), central nervous system effects including 
decreased mental status, depression, visual disturbances, sleep distur- 
bances and nervousness, as well as cardiac adverse events, including 
hypertension. chest pain, arrhythmias and palpitations, were reported. 
Adverse experiences which occurred rarely and may have been related to 
underlying disease, included epistaxis, bleeding gums, ecchymosis and 
petechiae. Miscellaneous adverse events, such as night sweats, urticaria, 
conjunctivitis and inflammation at the site of injection, were also rarely 
observed. 

Roferon-A has also been evaluated for the treatment of many other types of 
cancer under investigational trials in the United States. These studies 
generally utilized higher doses (12 to 50 million IU/m?). All of the previously 
described adverse reactions which occurred in patients with hairy cell 
leukemia were also observed in patients receiving higher doses. The inci- 
dence of most adverse reactions was similar between the two groups, but 
tended to be more severe in patients who received higher doses of 
Roferon-A. Some additional adverse effects which occurred in these patients 
included confusion (10%), hypotension (6%), lethargy (3%) and edema 
(3%}. Adverse experiences occurring in less than 1% of these patients and 
observed only in patients with malignancies other than hairy cell leukemia 
are as follows: Gastrointestinal-abdominal fullness, hypermotility and 
hepatitis; Central Nervous System~—gait disturbance, poor coordination, hal- 
lucinations, syncope, seizures, encephalopathy, psychomotor retardation, 
coma, stroke, transient ischemic attacks, aphasia, aphonia, dysarthria, 
dysphasia, forgetfulness, amnesia, sedation, apathy, anxiety, emotional labil- 
ity, irritability, hyperactivity, involuntary movements, claustrophobia and loss 
of libido; Peripheral Nervous System—muscle contractions; Cardiovascular 
—congestive heart failure, pulmonary edema, myocardial infarction, 
Raynaud's phenomenon and hot flashes; Pulmonary—bronchospasm and 
tachypnea; Miscellaneous—excessive salivation and flushing of skin 
Abnormal Laboratory Test Values: The percentage of patients with hairy cell 
leukemia or with other types of malignancies who experienced a significant 
abnormal laboratory test value at least once during their treatment is shown 
in the following table: 


ABNORMAL LABORATORY TEST VALUES 


Hairy Cell Overall 
Leukemia Safety Summary* 
(n= 63) (n= 1019) 
Hematologic 
Leukopenia 59% 69% 
Neutropenia 39% 58% 
Thrombocytopenia 42% 4296 
Decreased Hemoglobin 36% 6.3% 
Decreased Hematocrit 43% 12.5% 
Mean Time to Nadir 
WBC 38 days 22 days 
Platelets 19 days 17 days 
Hepatic 
SGOT 47% 7895 
Alkaline Phosphatase 18% 48% 
LDH 12% 4795 
Bilirubin 1.6% 31% 
Renat‘Urinary 
BUN 2% 10% 
Serum Creatinine 3% 10% 
Uric Acid" 6% 15% 
Proteinuria’ 10% 25% 
Other Chemistry Tests 
Hypocalcemia 10% 51% 
Elevated FBS’ 33% 395» 


Elevated Serum Phosphorus 2% 17% 
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*Patients with hairy cell leukemia are irfcluded in this overall summary. 

‘The majority of abnormal uric acid values and proteinuria were of minimal 
severity. Since these abnormalities are commonly observed in patients with 
advanced malignancy, it is difficult to ascertain their relationship to 
Roferon-A treatment. 

“Random glucose determination. 


Neutralizing antibodies to Roferon-A were detected in approximately 27% of 
all patients (3.4% for patients with hairy cell leukemia). No clinical sequelae 
of their presence have been documented thus far. Antibodies to human 
leukocyte interferon may occur spontaneously in certain clinical conditions 
(cancer, systemic lupus erythematosus, herpes zoster) in patients who have 
never received exogenous interferon.‘ 
DOSAGE AND ADMINISTRATION: Hairy Cell Leukemia—The induction 
dose of Roferon-A is 3 million IU daily for 16 to 24 weeks, administered as a 
subcutaneous or intramuscular injection. Subcutaneous administration is 
particularly advisable for, but not limited to, thrombocytopenic patients 
(platelet count —50,000) or for patients at risk for bleeding. The recom- 
mended maintenance dose is 3 million IU, three times per week. Dosage 
reduction by one-half or withholding of individual doses may be needed when 
severe adverse reactions occur. The use of doses higher than 3 million IU is 
not recommended. 
Patients should be treated for approximately six months before the physician 
determines whether to continue therapy in patients who respond or 
discontinue therapy in patients who did not respond. Patients with hairy cell 
leukemia have been treated for up to 20 consecutive months. The optimai 
duration of treatment for this disease has not been determined. 
If severe reactions occur, dosage should be modified (50% reduction) or 
therapy should be temporarily discontinued until the adverse reactions abate. 
The need for dosage reduction should take into account the effects of prior 
X-ray therapy or chemotherapy that may have compromised bone marrow 
reserve. The minimum effective dose of Roferon-A has not been established. 
DIRECTIONS FOR USE: The subcutaneous or intramuscular routes of 
administration should be used. Subcutaneous administration is particularly 
suggested for, but not limited to, patients who are thrombocytopenic (platelet 
count «:50.000) or who are at risk for bleeding. 
Injectable Solution: 
3 million IU Roferon-A per vial-Each 1 mL contains 3 million IU of 
interferon alfa-2a, recombinant/Roche, 9 mg sodium chloride for isotonic- 
ity, 5 mg human serum albumin as a stabilizer and 3 mg phenol as a 
preservative. 
18 million IU Roferon-A per vial (for multiple-dose use)-- Each 1 mL. 
contains 6 million IU of Interferon alfa-2a, recombinant/Roche, 9 mg 
sodium chloride for isotonicity, 5 mg human serum albumin as a stabilizer 
and 3 mg phenol as a preservative. Each 0.5 mL contains 3 million IU of 
Interferon alfa-2a, recombinant/Roche. 
The injectable solution should be stored in the refrigerator at 36° to 46°F 
(2° to 8°C). Do not freeze. Do not shake 
Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration, whenever solution and container 
rmit. 
HON SUPPLIED: Sterile Roferon-A is supplied as single and muftipie-dose 
vials: 
Roferon-A Injectable Solution: Vials containing 3 million IU Interferon 
alfa-2a. recombinant/Roche (3 million IU/mL). Boxes of 10 (NDC 
0004-1987-01). 
Roferon-A Injectable Solution: Multiple-dose vials containing 18 million IU 
Interferon alfa-2a, recombinant/Roche (3 million 1U/0.5 mL}, Boxes of 1 
(NDC 0004-1988-09). 
REFERENCES: 
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2. Foon KA et al: Blood 64(Suppl. 1):164a, 1984. 
3. Quesada JR et al: Cancer 57(Suppl.):1678-1680, 1986. 
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Twenty years ago, leukemia 
/as a mysterious disease. Little 
was known about the cause. Less 
was known about the cure. 

But since then, the Leukemia 
Society of America has funded 
32 million dollars of medical re- 
search in an all-out effort to find 
a cure. 

Today, more and more people 
with leukemia are surviving. Liv- 
ing normal lives. But the Leuke- 
mia Society won't be satisfied till 
this killer is stopped for good. 

For more information, includ- 
ing the free booklet "What 
Everyone Should Know About 
Leukemia; write to: Leukemia 
Society of America, 733 Third 
Ave., New York, New York 10017. 
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The Liabilities of Iron Deficiency 


By James D. Cook and Sean R. Lynch 


Iron has been recognized as a potent hematinic since the 
inception of hematology as a clinical discipline. Even 
ancient civilizations believed in the beneficial effects of 
medicinal iron.’ Nevertheless, the precise functional liabili- 
ties of iron lack remain the subject of continuing debate. 
The consequences of iron deficiency, particularly from a 
socioeconomic standpoint, are especially important in light 


ROM BOTH a clinical and a laboratory standpoint, iron 
deficiency is usually recognized by the anemia that 
accompanies its later stages. It is therefore hardly surprising 
that the liabilities of iron deficiency are often viewed only in 
terms of a decrease in circulating hemoglobin. Although one 
of the most important functions of iron is its role in oxygen 
transport and storage, iron participates in a wide variety of 
biochemical processes, including mitochondrial electron 
transport, catacholamine metabolism, and DNA synthesis. 
Not surprisingly, a broad spectrum of biochemical abnor- 
malities resulting from iron deficiency has been described. 
A large number of enzymes are known to contain iron or 
require it as a co-factor, including cytochrome oxidase, 
succinate dehydrogenase, aconitase, catalase, myeloperoxi- 
dase, cytochrome C reductase, ribonucleotide reductase, 
tyrosine hydroxylase, and xanthine oxidase. Although it has 
been difficult to relate the tissue concentrations of these 
enzymes to the functional consequences of iron deficiency, a 
depletion in tissue iron may be as important as a reduction in 
circulating hemoglobin." 

The following review focuses on the nonhematological 
liabilities of iron deficiency in humans, with emphasis on 
clinical and socioeconomic implications. The effects of iron 
deficiency on gastrointestinal structure and function are not 
discussed in detail because these have been discussed exten- 
sively in the classical literature and recent reviews.*** The 
tissues of the gastrointestinal tract are particularly suscepti- 
ble to the effects of severe chronic iron depletion, which may 
explain the clinical manifestations of glossitis, stomatitis, 
esophageal webs, chronic gastritis, and malabsorption. Of 
these now uncommon manifestations, atrophic gastritis is the 
most important because a reduction in gastric acidity perpet- 
uates iron deficiency by impairing the assimilation of dietary 
iron. The key liabilities of tissue iron deficiency relate to 
abnormalities in host defense, work performance, and neuro- 
logical function. 
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of its high global prevalence. A recent review of the 
literature indicates that ~30% of the estimated world 
population of nearly 4.5 billion are anemic, and at least half 
of these, 500 to 600 million people, are believed to have 
iron deficiency anemia.? 

e 1986 by Grune & Stratton, Inc. 


IMMUNITY AND INFECTION 


There is much conflicting information about the relation- 
ship between iron status and infection." It is commonly 
stated that iron deficiency increases the susceptibility to 
common infections by impairing certain host defense mecha- 
nisms such as cell-mediated immunity and phagocytosis. On 
the other hand, there is recent evidence that vigorous 1ron 
therapy may sometimes predispose to certain life-threaten- 
ing infections. The following discussion is presented from a 
clinical perspective, although there are few if any well- 
controlled trials. 

The earliest report suggesting that iron administration 
may reduce the frequency of common infections during 
infancy was published by MacKay." In a subsequent report, 
a sharply lower incidence of respiratory infections was 
Observed 1n infants from a low socioeconomic population who 
were given an iron-containing formula for periods ranging up 
to 9 months." Later studies in otherwise healthy children 
with mild iron deficiency failed to demonstrate beneficial 
effects of iron.” In one recent study conducted in adults in 
Indonesia, a threefold reduction in the prevalence of enteritis 
and influenza-type illnesses was observed when workers on a 
rubber plantation were given 100 mg of ferrous sulfate daily 
for several weeks." Similar trials were recently conducted in 
Egypt and Indonesia, but the results have not yet been made 
available. 
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In certain infections, the role of mild iron deficiency is 
more evident. Iron deficiency 1s recognized as an important 
predisposing factor in chronic mucocutaneous candidiasis. 
Higgs and Wells reported that 23 of 31 patients with this 
disorder showed evidence of mild iron deficiency that was 
confirmed in most cases by bone marrow examination. This 
striking association may be explained in part by the impair- 
ment in epithelial function and structure that is known to 
occur in persons with mild iron deficiency and may also 
account for the recently described association between iron 
deficiency and recurrent Herpes simplex infection. A signifi- 
cantly higher prevalence of iron deficiency as measured by 
transferrin saturation was observed among medical students 
with Herpes infection as compared with a group of healthy 
controls. 

The beneficial effect of iron therapy in reducing the 
incidence of mild infections apparently results from the 
correction of a defect in immune function. Whereas humoral 
immunity is normal in patients with iron lack, a defect in 
cell-mediated immunity has been demonstrated repeatedly. 
One of the earliest such observations was made by Joynson 
and co-workers," who described an impairment in lympho- 
cyte transformation and migration inhibition factor produc- 
tion on stimulation with Candida antigen and purified pro- 
tein derivative in 12 subjects with iron deficiency anemia. 
Both the proportion and the absolute number of circulating T 
cells are commonly reduced in patients with iron deficiency 
anemia. Lymphocyte proliferation and response to the 
mitogens phytohemagglutinin (PHA) and concanavalin A 
are impaired even in nonanemic patients with latent iron 
deficiency, and a significant correlation has been established 
between the lymphocyte stimulation index and transferrin 
saturation.!®!* In a recent study in ten iron-deficient chil- 
dren aged 12 to 30 months, the mean stimulation indices for 
Candida antigen increased from 6.8% to 17.9% and for 
tetanus from 19.5% to 31.7% following iron therapy.” These 
various studies provide ample evidence for a significant if not 
profound defect in T cell immunity. 

A defect in neutrophil function may also predispose 
patients with mild iron deficiency to repeated infections. 
Chandra”! demonstrated that intracellular bacterial killing 
by polymorphonuclear leukocytes in 12 children with iron 
deficiency anemia was significantly impaired. The reduction 
of nitroblue tetrazolium was similarly reduced, although 
opsonic activity of the plasma and phagocytosis were normal. 
The defect in neutrophil function that occurs in persons with 
iron deficiency has been attributed to an impairment in 
myeloperoxidase activity.” 

On the other hand, there is evidence that rapid alleviation 
of iron deficiency may promote certain bacterial and para- 
sitic infections. It is well known that iron is an essential 
nutrient for microbial growth and that the multiplication of 
many pathogens is sharply curtailed in human tissue where 
they must compete with the iron-binding proteins transferrin 
and lactoferrin. The strong bacteriostatic and bacteriocidal 
qualities of serum can be readily overcome by saturating 
these iron-binding proteins with iron.? Moreover, the ability 
of many pathogens to acquire iron from their host is an 
important determinant of their virulence and the nature of 
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the infection produced.” Several animal studies have indi- 
cated that pretreatment of the host with iron increases the 
range and severity of many bacterial infections, but the 
evidence that these observations have clinical relevance is 
still limited 

In at least one clinical situation, heavy iron administration 
is associated with the development of serious infection. 
During the early 1970s, newborn Polynesian infants were 
given prophylactic intramuscular iron dextran in an effort to 
reduce the incidence of iron deficiency anemia During the 
5-year period of this program, the incidence of neonatal 
sepsis in the infants given iron was 11 in 1,000 total births as 
compared with 0.6 in 1,000 in European infants, a dramatic 
20-fold difference.? When this program of routine paren- 
teral iron administration was stopped, the incidence of 
gram-negative neonatal sepsis fell from 17 to 2.7 in 1,000 
births. Sepsis resulting from prophylactic iron was almost 
invariably due to Escherichia coli and occurred in >80% of 
cases between day 4 and day 10 following iron administra- 
tion.” Several factors may have accounted for the pro- 
nounced increase in neonatal sepsis. For example, infection 
may have resulted solelv from admunistration of a deep 
intramuscular injection in the newborn, or reticuloendothe- 
lial cell blockade may have been produced by the iron 
dextran complex. 

Nevertheless, the sudden influx of iron into the circulation 
and tissues in a nonphystological form cannot be excluded as 
the primary predisposing cause. Iron dextran remains in the 
circulation for several days following intramuscular injection 
and provides a source of iron not otherwise available to 
microorganisms. In addition, the iron released from the iron 
dextran complex reduces the level of unsaturated circulating 
transferrin and could thereby impair the bacteriostatic prop- 
erties of the plasma against E coli.” Whatever the cause, this 
report indicates that parenteral iron should not be given to 
newborn infants prophylactically. At the same time, there is 
no evidence that parenteral iron is hazardous to healthy 
persons with a competent immune system. Hundreds of 
women have been given parenteral iron during pregnancy 
with no recorded evidence of an increase in bacterial sepsis. 

The hypothesis that iran deficiency may serve as a useful 
defense mechanism by withholding iron from bacteria, fungi, 
or protozoa has gained some tenuous support from recent 
studies in which iron was supplied to severely malnourished 
populations.’ One commonly cited report is that of Masawe 
and co-workers? in which 100 anemic patients consecutively 
admitted to an adult medical ward in East Africa were 
studied for the frequency of infection. Approximately two- 
thirds of them had absent iron stores, whereas the remainder 
with stainable marrow iran had megaloblastic, hemolytic, or 
refractory anemia. It was noted that only 7% of the iron- 
deficient patients had bacterial 1nfections, whereas between 
64% and 83% with stainable iron had various bacterial 
infections. Although it was suggested that the iron-deficient 
state protects against the development of bacterial infections, 
these observations could also be explained by the more 
common occurrence of infections in anemic patients with 
normal or increased levels of body iron, such as those with 
sickle cell anemia or bone marrow failure. For example, 
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hemolysis may promote bacterial growth by increasing iron 
supply in the form of heme compounds.’ The only proper 
control subjects in a study of this kind would be patients with 
normal hemoglobin levels. 

These same workers reported that 16 of 18 patients with 
malaria, proven by the identification of Plasmodium falcipa- 
rum, had iron deficiency anemia and noted that malarial 
attacks occurred commonly in these patients following the 
institution of iron therapy. Evidence shows that iron therapy 
may predispose to the development of malaria in other 
population settings. Following treatment of iron deficiency in 
Somali nomads, a recrudescence of malaria was observed in 
13 of 71 persons as compared with only 1 of 76 in a control 
group. This phenomenon may be explained by an increased 
production of reticulocytes following iron therapy, with a 
resulting increase in malarial parasitemia. If the susceptibil- 
ity to malaria is a consequence of reticulocytosis following 
iron therapy, a strong argument exists for the eradication of 
nutritional iron deficiency through programs of food iron 
fortification, thereby reducing the need to treat severely 
iron-deficient persons with medicinal iron. 

It should be emphasized that these studies provide no 
evidence of a risk in treating iron deficiency in otherwise 
healthy populations or 1n persons who are not at risk for 
malarial infection Further carefully controlled epidemio- 
logic studies are needed to define the risk of alleviating iron 
deficiency anemia in severely malnourished populations. 
Because iron deficiency anemia in the tropics leads to severe 
morbidity and is frequently fatal, a noted authority in 
tropical medicine and hematology has concluded that 
severely anemic patients should be treated with iron while 
being protected against malaria and be treated for bacterial 
infections as they arise.” 


WORK PERFORMANCE 


A significant limitation in certain types of physical activ- 
ity has emerged as one of the most important consequences of 
chronic iron deficiency. This 1s certainly true from a socio- 
economic if not a clinical standpoint. Interest in this facet of 
iron deficiency arises from studies in chronically anemic 
agricultural laborers engaged in physically demanding tasks 
in the lowlands of Guatemala.? When a large group of men 
were tested for their ability to perform near-maximal exer- 
cise of brief duration (Harvard Step Test), a striking correla- 
tion was demonstrated between mean hemoglobin concentra- 
tion and this aerobic activity. The key finding was not that 
the severely anemic person had a limitation in exercise 
performance, but that this was also related to differences in 
hemoglobin levels within the normal range. When iron and 
folic acid were supplied to the anemic men, a progressive 
improvement in exercise performance was observed, attain- 
ing a maximum after 2 months of treatment. The difference 
was highly significant when the men were compared with a 
control group, although a slight improvement was observed 
in control subjects as well, due to a training effect. This study 
provided the first solid evidence that even mild degrees of 
iron deficiency can impair performance in occupations 
requiring a heavy energy expenditure. 
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Similar findings have been observed in other field settings 
and with other types of work activity. Physical work capacity 
was studied in 75 female subjects employed on a tea planta- 
tion in Sri Lanka?! Approximately two-thirds of them were 
anemic, with hemoglobin concentrations as low as 6 g/100 
mL. Work performance was evaluated in a laboratory setting 
using a multistage treadmill test in which the percentage of 
grade was progressively increased at 3-minute intervals until 
a maximum possible work time of 18 minutes was attained. 
Performance improved at higher hemoglobin concentrations, 
both in total time on the treadmill and the percentage of 
persons reaching the highest workload. In addition, there was 
a striking correlation between mean hemoglobin concentra- 
tion and the percentage of increase in mean heart rate when 
compared with values observed in subjects with a normal 
hemoglobin concentration (r — .97). As in the Guatemala 
studies, even mild anemia (hemoglobin concentration 
between 11 and 11.9 g/100 mL) was associated with a 20% 
decrease in work tolerance. The postexercise lactate level was 
also sharply higher in anemic women and correlated closely 
with the degree of anemia. The authors concluded that 
because of the dramatic impairment in work capacity and an 
inferred reduction in work productivity, a strong case could 
be made for the correction and prevention of iron deficiency 
on the basis of economic as well as health considerations. 

These observations were translated into concrete economi- 
cal terms by studies in latex tappers employed on an Indone- 
sian rubber plantation. Three hundred two male subjects 
aged 16-40 years were evaluated; 45% were anemic as 
judged by a hemoglobin level <13 g/100 mL. Hookworm 
infection was documented as the cause of the iron deficiency 
anemia in most subjects. Work output could be measured 
precisely in this study because each man was paid daily on 
the basis of the weight of latex he collected. Hemoglobin 
concentrations over the range of 10 to 16 g/100 mL corre- 
lated closely with income (r = .56). The daily latex output 
was 18.7% lower in anemic men; when they were given 100 
mg elemental iron each day for 60 days, their take-home pay 
increased by 37%. The relevance of these findings was less 
than clear-cut because an improvement also occurred in 
anemic men given a placebo. The cash incentive that had 
been provided to encourage participation in the study and 
that enabled the placebo group to purchase additional food 
was believed to explain the improvement in both hematologic 
status and work performance. This conclusion was supported 
by follow-up studies 45 days after iron supplementation was 
terminated. The anemic men who improved with the placebo 
had again become anemic, with an attendant decline in work 
output, whereas those given the iron supplement maintained 
the improvement in both hematologic status and work per- 
formance. The design of the study permitted the benefit/cost 
ratios based on the predicted yearly increase in latex 
collected and the cost of iron administration. The calculated 
ratio of 260:1 underscores the economic importance of 
eradicating iron deficiency in developing countries. 

Further support for the contention that the correction of 
iron deficiency enhances work output of the sustained endur- 
ance type was furnished by studies on a tea plantation in Sri 
Lanka.” As in the Indonesian study, work output could be 
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measured precisely by weighing the quantity of tea collected 
each day. Compared with a placebo group, women given iron 
supplementation for 1 month picked significantly greater 
quantities of tea, and the degree of improvement in work 
output was directly related to the severity of the original 
anemia. An intriguing observation relating to voluntary 
physical activity was also made in this study. The level of 
activity during 24 hours was recorded electronically, using a 
small sensing device strapped to the ankle of each subject. 
Following iron therapy, a progressive increase in daily physi- 
ca] activity was observed. It became statistically significant 
during the third week of iron replacement. The improvement 
in physical activity may have resulted from alleviation of the 
symptoms of tiredness and weakness commonly attributed to 
iron deficiency. 

Limitations in work performance have traditionally been 
attributed to the attendant anemia rather than to the meta- 
bolic consequences of tissue iron deficiency. The results of 
animal studies conducted by Finch and co-workers,! how- 
ever, indicate that a deficit in tissue iron is also important. A 
treadmill was used to measure the work performance of 
normal and iron-deficient rats. The hemoglobin concentra- 
tion 1n the two groups was adjusted to identical levels 
immediately prior to testing to eliminate the effects of 
anemia. The iron-deficient rats showed a marked impair- 
ment in running ability and a significant improvement in 
performance 24 hours after iron administration. The defect 
was fully corrected within 4 days, 1ndicating that the meta- 
bolic abnormalities imposed by iron deficiency are rapidly 
reversible. 

Published studies of work performance in a field setting do 
not distinguish between the consequences of anemia and 
tissue iron deficiency. A recent study in women athletes 
suggests, however, that the hemoglobin level is not the major 
deficit in chronic iron deficiency.? In this report, the effect of 
2 weeks of iron therapy on exercise performance and exer- 
cise-induced lactate production was measured in trained 
athletes. Although performance measured on a bicycle 
ergometer was unchanged after iron therapy, blood lactate 
levels at maximum exercise decreased significantly from 
10.3 to 8.4 mmol/L in the iron-deficient women following 
therapy (P « .03). These observations were interpreted as 
evidence that iron plays an important role in oxidative 
metabolism and that iron-depleted muscles call on anaerobic 
metabolism for energy needs, with greater lactate produc- 
tion. Dallman has emphasized the importance of differen- 
tiating brief 1ntense activity that relates to oxygen delivery 
and the concentration of circulating hemoglobin from pro- 
longed endurance tasks that depend to a greater extent on 
muscle oxidative capacity. Further studies of work perfor- 
mance are needed to provide a clearer understanding of these 
separate deficits in persons with iron deficiency. 


NEUROLOGICAL FUNCTION 


Poor scholastic performance as well as chronic fatigue and 
other nonspecific symptoms have often been attributed to 
iron deficiency. Unfortunately, in many of the earlier studies, 
especially those in children, it has not been possible to 
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distinguish the effects of iron deficiency from other factors 
such as nutritional and social deprivation. Furthermore, 
tests used to evaluate mental development in children are 
relatively crude, making it difficult to isolate the component 
attributable to iron lack. Because symptoms in adults are 
largely subjective, it has been difficult to differentiate true 
responses to iron from placebo effects. 

Despite these limitations, a pattern of age-related neuro- 
logical dysfunction appears to be emerging from the results 
of several more recent carefully controlled investigations. 
Most of them involve children. This literature has been 
reviewed recently”? and an exhaustive evaluation of all the 
related publications will not be given here; rather, an attempt 
will be made to develop the common theme that is evident in 
the newer studies. Only sensory and behavioral disturbances 
have been recorded consistently; motor function is usually 
normal. Moreover, several different observations point to a 
primary abnormality in the ability of iron-deficient children 
to direct attention to a specific task and suggest that other 
apparent neurological deficiencies may be a consequence of 
this primary neuropsychiatric dysfunction. 

Most investigators have selected a relatively small age 
range to study. It is convenient to consider their findings in 
terms of four age groups: infants (0 to 2 years of age), 
preschool children (3 to 6 years of age), school children (6 to 
12 years of age), and adults. 

Infants. The assessment of mental development and 
performance in this age range is particularly challenging. 
The Bayley Scales of Infant Development (BSID) is the tool 
that has been used most widely to measure differences 
between iron-deficient infants with or without anemia and 
their iron-replete counterparts. The BSID gives a compre- 
hensive and carefully standardized assessment of develop- 
mental status between the ages of 3 and 30 months of age.” 
It consists of three complementary parts: the mental develop- 
ment index (MDI), which evaluates sensory-perceptual acu- 
ity and discrimination; the motor scale, which provides an 
assessment of body control and coordination of both large 
and small muscle movements; and the behavior record 
(IBR), which is a measure of the infant's social and objective 
orientation to the immediate environment. Although the 
BSID 1s extremely useful, it is difficult to administer opti- 
mally and is heavily dependent on the experience of the 
examiner. Moreover, when comparisons between numerous 
elements of the test are made, the probability of finding a 
significant difference in isolated elements by chance alone is 
increased, especially when one considers the rapid develop- 
mental changes occurring during infancy." There is also a 
lack of continuity in performance, demonstrated by a poor 
correlation between test and retest scores separated by 
months. Longitudinal comparisons between treated and 
untreated experimental groups must therefore be carried out 
in a short time that may be insufficient to demonstrate the 
corrective effects of iron administration. 

Despite these methodological handicaps, impaired atten- 
tion span and cognitive developmental abnormalities have 
been reported with surprising consistency in studies in which 
infants at or near 2 years of age have been included in the 
sample. Indeed, apparent discrepancies between different 
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reports in the literature may be a reflection of the age group 
studied. Deinard and co-workers?? used three tests, a visual 
habituation measure, the BSID, and the Uzigris and Hunt 
Ordinal Scales (I, II, IV) of Psychological Development, to 
evaluate nonanemic children aged 11 to 13 months with 
ferritin values of either <9 ng/mL or >20 ng/mL. This is a 
relatively small variation in iron status, and there were no 
differences in overall performance between the two groups. 
On the other hand, when 37 15-month-old infants were 
studied by Walter and colleagues,” values for the BSID 
MDI were found to be significantly lower in children with 
iron deficiency anemia than in carefully matched controls, 
although both groups fell within the normal range for 
American children. Oral iron therapy (3 to 4 mg iron per 
kilogram per day) returned the MDI for iron-deficient 
infants to control values in 10 to 15 days and was without 
effect on the control infants. An improvement in cooperative- 
ness and attention span on the BSID was also noted. A 
similar rapid improvement in cognitive function has been 
reported by Oski and Honig? after iron-deficient anemic 
infants with a mean age of 16 months were given treatment 
of 5 to 8 days of intramuscular iron. Finally, Lotzoff and 
colleagues*! demonstrated the presence of a relationship 
between age and the detectable effects of iron deficiency in a 
single study of infants aged 6 to 24 months. When the infants 
were analyzed in three groups (6 to 12 months, 13 to 18 
months, and 19 to 24 months), a significant decrease in the 
MDI with tron deficiency occurred only in the oldest age 
group. Furthermore, there was a significant positive correla- 
tion between iron status and MDI in this latter group. 
Although these observations suggest that detectable 
abnormalities of neurological functions related to iron defi- 
ciency appear only in later infancy, the explanation is not 
immediately evident. Several possible reasons have been put 
forward. It may be an artifact of the method of evaluation. 
The BSID shifts from an emphasis on motor development at 
12 months to more verbal and cognitive skills at 24 months. 
Only sensory, cognitive, and behavioral abnormalities have 
been observed. With few exceptions, normal motor function 
has been reported. On the other hand, the duration of iron 
depletion or the stage of neurological development at which it 
occurs may be important. It is equally possible that other 
factors unrelated to iron nutrition may play a role. 
Preschool children. Abnormalities similar to those 
reported 1n older infants have been observed in preschool 
children. Pollitt and co-workers? studied 15 children with 
mild iron deficiency and 15 controls aged 3 to 6 years. The 
two groups performed equally well on the Stanford-Binet 
Intelligence Test and an oddity learning task. Iron-deficient 
children took more trials to achieve the required level of 
proficiency 1n three discriminatory learning tasks, however. 
Nevertheless, when presented immediately with the reverse 
problem (the previously incorrect stimulus was now correct), 
the two groups showed no differences, demonstrating satis- 
factory short-term memory. On the other hand, there was a 
significant decrease in performance when a separate, simple, 
short-term memory test was administered de novo. The 
authors interpreted their findings as consistent with a deficit 
in directing attention rather than a true learning rate defi- 
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ciency. Differences in discrimination learning but not those 
related to the short-term memory test disappeared after 4 to 
6 months of iron therapy. This study is somewhat compro- 
mised by suboptimal documentation of iron status and 
reassignment of subjects between the control and study 
groups. Nevertheless, the observations are intriguing and 
similar to others recently reported from Guatemala.” 

School children. Poor scholastic performance, distur- 
bances in attention and perception, and unsatisfactory con- 
duct were reported in early studies carried out by Webb and 
Oski“ among 14-year-old high school students living in an 
economically deprived community in Philadelphia. Unfortu- 
nately, methodological problems and the possible contribu- 
tion of other nutritional as well as concommitant social 
factors preclude conclusive inferences from these investiga- 
tions. The most complete study was undertaken recently in 
Indonesia.“ Seventy-eight ll-year-old children who met 
strict criteria for iron deficiency anemia were compared with 
41 carefully matched nonanemic controls. A neurological 
evaluation was performed before and after the supervised 
administration of ferrous sulfate or placebo for 3 months. 
Once again, a defect in directing attention appeared to be the 
primary abnormality. 

The Borden-Wisconsin test for concentration, a measure 
of attention maintenance, was significantly improved after 
iron administration in anemic children, but not in the group 
given placebo or in the nonanemic children given iron. Raven 
Progressive Matrices IQ Scores of anemic and nonanemic 
children were not significantly different. Scholastic perfor- 
mance as measured by a modified standard achievement test 
was significantly better in nonanemic children, however; iron 
therapy led to an appreciable improvement, although the 
performance of the anemic children was still significantly 
lower than that of the nonanemic controls at the end of 3 
months. The authors again considered the primary abnor- 
mality to be one of directing attention with a secondary effect 
on scholastic achievement. The deficit in academic perfor- 
mances may require a >3-month period for complete correc- 
tion Unfortunately, the possible long-term consequences of 
childhood iron deficiency on adult academic achievement are 
unknown. 

Adults Clear evidence of an association between iron 
deficiency and psychological or cognitive function in adults 
has not been obtained, although Tucker and colleagues 
found preliminary evidence for a positive correlation between 
serum ferritin concentration and verbal fluency as well as 
electroencephalographic asymmetry. Higher ferritin values 
were associated with poorer nonverbal auditory task perfor- 
mance, however. Chronic fatigue and other nonspecific 
symptoms were reported to respond to iron therapy in some 
persons in one study,* but other investigators have produced 
conflicting results. 5? 

The only sensory disturbance that has been documented 
clearly in adults is a perversion of taste leading to the 
consumption of non-food items (pica). A commonly encoun- 
tered form in the United States is pagophagia or compulsive 
ice eating.” Indeed, this was the only nonhematological 
manifestation of iron deficiency detected by Rector and 
co-workers? in seven patients in whom regular phlebotomy 


808 


for polycythemia vera had produced chronic iron deficiency. 
The craving for ice appeared to be specific. It could not be 
attributed to stomatitis or glossitis and was not satisfied by 
cold liquids or ice cream. Pagophagia is rapidly cured by 
doses of iron less than those required to correct anemia or 
repair the iron-storage deficit.*°*** Various forms of pica 
have been observed in several parts of the world. It occurs at 
all ages but is most frequently encountered in children and 
pregnant women. Although pica appears to be a valid 
symptom of iron deficiency in many circumstances, several 
of the substances consumed adsorb iron and inhibit its 
absorption, thus contributing to the deficiency state.’ More- 
over, there may be other causes of pica itself. For example, 
ash eating is common among South African black women 
who are not often iron deficient. 

In summary, there is an increasing body of evidence 
connecting iron deficiency with or without anemia with 
deficits in attention span leading to learning and problem- 
solving difficulties in children. The neurophysiological mech- 
anisms involved are still largely speculative. Several parts of 
the brain contain large quantities of iron, and iron is 
required for the activity of enzymes such as tyrosine 
hydroxylase, tryptophan hydroxylase, and monoamine oxi- 
dase that are important to amine neurotransmitter metabo- 
lism. A series of studies in rats carried out by Youdim and 
colleagues?" suggests that dopamine receptor function is 
impaired in iron deficiency and leads to the observed neuro- 
psychological changes. 

No information implicates academic or social handicaps in 
adults with iron deficiency during childhood or the later 
years, but it seems likely that impaired learning could have 
important consequences for the person's subsequent achieve- 
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ment in a world of increasing technological complexity. The 
insidious but potentially far-reaching consequences both for 
the individual and the community, particularly in developing 
countries where iron deficiency is still a prevalent nutritional 
disorder, should not be ignored. Although our understanding 
of the neuropsychological consequences of iron lack is 
undoubtedly fragmentary at this time, the studies outlined 
above provide ample reason for concern and a convincing 
rationale for programs to ensure adequate iron nutrition in 
the growing child. 


CONCLUSIONS 


The key nonhematologic liabilities of iron deficiency in 
humans relate to abnormalities 1n host defense, work perfor- 
mance, and neurological function. The relationship between 
iron status and infection remains highly controversial. A 
defect in cell-mediated immunity and neutrophil function 
can be readily demonstrated in iron-deficient patients and 
may predispose to common respiratory or diarrheal infec- 
tions. On the other hand, evidence shows that vigorous iron 
therapy may enhance the risk of certain overwhelming 
infections, especially in the immunocompromised host. In 
several field trials, alleviation of iron deficiency has led to an 
increase in work output of the sustained endurance type, a 
finding that has important socioeconomic implications in 
developing countries. With regard to neurological function, 
the most important defect appears to be an impairment in 
attention span and cognitive development that has been 
demonstrated in late infancy, preschool, and school-age 
children. This defect in learning ability could have far- 
reaching consequences in areas of the world where iron 
deficiency remains a common nutritional problem. 
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Ca?* and Phospholipid-Dependent Protein Kinase (Protein Kinase C) Activity Is 
Not Necessarily Required for Secretion by Human Neutrophils 


By Kenneth J. Balazovich, James E. Smolen, and Laurence A. Boxer 


Ca?^*-dependent and phospholipid-dependent protein ki- 
nase (PKC) is a receptor for and is activated by phorbol 
esters. This enzyme is reportedly involved in the mecha- 
nism of superoxide anion (O;") production and the release 
of intracellular granule contents from human neutrophils. 
As previously reported by others, we found that >75% of 
the total cellular PKC activity existed in a soluble form in 
untreated neutrophils and that this activity was enhanced 
in a dose-dependent manner by phorbol 12-myristate 13- 
acetate (PMA) and by phorbol 12,13-dibutyrate (PDBu). 
Furthermore, mezerein, an analogue of PMA that is 
thought to be a competitive inhibitor, did not activate PKC, 
and on the contrary, inhibited PMA-stimulated activity in a 
dose-dependent manner. Pretreatment of intact neutro- 
phils with PMA or PDBu caused the “translocation” of PKC 


UMAN NEUTROPHILS are known to respond to 
both chemotactic and chemical stimuli by migration 
to the site of inflammation, releasing intracellular granule 
contents and generating superoxide anions (O,-).' In 
addition, there appears to be a marked increase in the 
phosphorylation of a limited number of cellular proteins 
when neutrophils are treated with these agents.""? For 
example, it has been demonstrated that the chemotactic 
peptide N-formyl-methionyl-leucyl-phenylalanine, the tu- 
mor promoters phorbol 12-myristate 13-acetate (PMA) and 
phorbol 12,13-dibutyrate (PDBu), and the diterpene ester 
mezerein all stimulate these responses.*!^7* Phorbol esters 
are particularly useful as activators since they have been 
shown to bind directly to protein kinase C (PKC), ^? an 
enzyme that requires both Ca?* and phospholipid, but not 
calmodulin, as co-factors./^? PKC also binds to and is 
activated by 1,2-diacylglycerols, which are products of ara- 
chidonic acid metabolism in the neutrophil. Mezerein and 
both PMA and PDBu possess many structural and physio- 
logical similarities as tumor promoters,” but more relevant 
to the present study is the finding that although it is not a 
phorbol diester, mezerein has been shown to displace PDBu 
from its binding site specifically, in a manner consistent with 
competitive inhibition of PKC.” 
Although there is strong circumstantial evidence for phor- 
bol derivatives inducing critical cellular responses through 
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activity to the insoluble cell fraction; PKC translocation 
was not detected after mezerein stimulation at any of the 
tested concentrations. Neither did mezerein cause an 
increase in intracellular Ca?~, as monitored by Quin 2 
fluorescence. Both phorbol esters and mezerein stimulated 
intact neutrophils to generate O; and release lysosomal 
enzymes into the extracellular medium. Finally sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE) analysis demonstrated key differences in the 
patterns of endogenous phosphoproteins of neutrophils 
stimulated with phorbol as compared with mezerein. We 
therefore suggest that PKC activation may not be the only 
pathway required to elicit neutrophil responses. 

© 1986 by Grune & Stratton, Inc. 


PKC, the exact mechanisms for phorbol-induced O,~ pro- 
duction, degranulation, and phosphorylation are not known. 
There is evidence that the phosphorylation of a specific set of 
cellular proteins is causally related to PMA-induced reac- 
tions. For example, the release of serotonin may be related to 
the phosphorylation of a 47,000 dalton protein in platelets.” 
In addition, the treatment of mast cells with PMA has been 
shown to induce the release of histamine and to stimulate the 
phosphorylation of specific cellular proteins.* More impor- 
tant, rabbit neutrophils have been shown to secrete lysozyme 
and to phosphorylate endogenous cellular proteins when 
treated with PMA.” In untreated neutrophils, most of the 
cellular PKC activity 1s found in soluble form; the remaining 
activity is associated with cellular membranes and the cyto- 
skeleton.*** After neutrophils are treated with phorbol 
esters, PKC activity 1s primarily associated with insoluble 
cellular material (eg, membranes), a phenomenon that has 
been termed “translocation” to describe a potential physical 
shift in PKC activity.??' In the absence of unambiguous 
data, however, it is not known if PKC translocation actually 
represents a change in the physical location of the enzyme 
(from soluble to insoluble cellular components); an alteration 
in PKC activities in those locations is also possible, especially 
in light of evidence that suggests two classes of binding sites 
on PKC for CH)PDBu.? Although the mechanism of cellu- 
lar activation involving PKC is poorly understood, it is 
currently hypothesized that PMA induces certain neutrophil 
functions, such as degranulation and O,” production, by 
directly activating PKC."° 

This report concerns the potential role of PKC in mediating 
neutrophil activation. In brief, we confirmed previous results 
indicating that PMA and PDBu induce PKC activation, PKC 
translocation, degranulation and O,~ generation. ^7»? 
Mezerein did not stimulate PKC activity and no PKC translo- 
cation was detected, but it did block PMA-stimulated PKC 
activation and translocation. Mezerein also induced degranu- 
lation and O,” production to levels comparable with those 
caused by the phorbol esters. Most important, mezerein 
stimulated the phosphorylation of a slightly different set of 
endogenous cellular proteins that either PMA or PDBu. In 
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light of these data, there may be at least two mechanisms for 
stimulating degranulation and O,~ production, one of which 
may involve PKC. 


MATERIALS AND METHODS 


Cells. Whole human blood was obtained by venipuncture from 
normal, healthy donors 20 to 55 years of age Neutrophils were 
isolated from this blood by Ficoll-Hypaque centrifugation and 
dextran sedimentation, followed by hypotonic lysis to remove resid- 
ual erythrocytes ^? Cells were washed twice with Dulbecco's phos- 
phate buffered saline (PBS) or Hank's buffer (pH 7.5) before use; 
cells were >95% neutrophils as assayed by differential histologic 
staining, and were consistently >97% viable as assayed by trypan 
blue exclusion 

Reagents. Mezerein was obtained from LC Services (Woburn, 
Mass). Electrophoretic reagents were obtained from Bio-Rad 
(Rockville Center, NY). All other reagents were obtained from 
Sigma (St Louis), unless otherwise specified. Phorbol esters and 
mezerein were dissolved ın dimethylsulfoxide and diluted with water 
to obtain final working stock solutions. 

Protein kinase C: cell stimulation and fractionation. Cells were 
washed once in PBS and then incubated at 10’ cells/mL ın Hank's 
buffer containing the appropriate concentration of stimulus for 5 
minutes at 37 °C. The cells were then washed once in Hank’s buffer 
to remove unbound stimulus. The final cell pellet was lysed by 
resuspension at 5 x 10” cells/mL in extraction buffer (50 mmol/L 
Tris-HCl, pH 7 5, 50 mmol/L of 2-mercaptoethanol, 1 mmol/L of 
phenylmethylsulfonylfluoride, 2 mmol/L of EGTA, and 0.05% 
Triton X-100) and sonicated on ice twice for 30 seconds each using a 
microprobe on a Fisher model 300 dismembranator. Cell sonicates 
were centrifuged for 5 minutes at 500 g (4 °C) to remove nuclei and 
unbroken cells, and then at 100,000 g for 60 minutes Supernatant 
material, containing soluble PKC activity (soluble fraction), was 
removed. Pelleted material, containing cellular membranes, gran- 
ules, and presumably most of the larger cytoskeletal elements 
(insoluble fraction), was brought to the original sonicate volume 
with extraction buffer and resuspended by sonication twice for 30 
seconds each Control cells were treated in an identical manner, but 
substituting the vehicle (eg, dimethylsulfoxide, <0.2%) for the 
drug 

Protein kinase C assay PKC activity was assayed by modifica- 
tions of previously published methods *' Optimal conditions were 
established for calcium, phospholipid, and sample concentrations 
resulting in linear rates of histone phosphorylation. Fifty microliters 
of cell sonicate, soluble, or insoluble material was added to 180 uL of 
a solution containing (final concentrations) 25 mmol/L Tris-HCl 
(pH 7.5), 10 mmol/L of MgCL, 18 ug/mL of phosphatidylserine, 
160 ug/mL of histone (type IIIS), and 50 umol/L of ATP (contain- 
ing 10° cpm/25 uL of assay solution of [y — ?P] ATP, Amersham) 
Some assays were conducted ın the presence of phorbol, mezerein, 
inhibitors, or agents such as 40 mmol/L of NaF or 1 mmol/L of 
p-nitrophenylphosphate (Sigma Phosphatase Substrate 104), 
intended to retard phosphatase activity during the assay. In all cases, 
the assay was allowed to proceed for up to 15 minutes at 30 °C with 
constant agitation. The reaction was stopped by the addition of 1 mL 
of ice-cold 25% trichloroacetic acid (TCA) followed by 0.2 mg of 
bovine serum albumin. Protein was collected on 0.45-um HAWP 
membrane filters (Millipore) and assayed for the incorporation of 
radionucleotide using 10 mL of Hydrofluor (National Diagnostics) 
1n a Searle Isocap 300 liquid scintillation system. Under these assay 
conditions, PKC activity was linear with respect to sample concen- 
tration from 10* to 10’ cell equivalents per tube and time (from 5 
minutes to at least 60 minutes) All assays were performed in 
triplicate Control experiments included vehicle alone (dimethylsulf- 
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oxide, <1%), boiled cellular material, incubation at 4 *C, or the 
removal of calcium, phospholipid, and activators; in all cases, control 
values were subtracted from experimental values to obtain relative 
PKC activities. 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) and autoradiography We modified the procedure 
of Andrews and Babior slightly!?*? to study the patterns of endoge- 
nous phosphoproteins in human neutrophils Freshly isolated neutro- 
phils («4 hours after phlebotomy) were incubated in 35 x 100-mm 
Petri dishes at 107 cells/mL in PBS plus 0.45 mmol/L of Ca?* and 
0.25 mmol/L of Mg?* for 30 minutes at 37°C. After removal of 
nonadherent cells, the neutrophils were incubated for 90 minutes in 3 
mL of a solution containing 6 mmol/L of HEPES/ 6 mmol/L of 
Tris-HCI (pH 7.5), 0.15 mmol/L of NaCl, 10 mmol/L of glucose, 5 
mmol/L of KCl, 1 mmol/L of MgCL, 0.25 mmol/L of CaCl, and 
0.25 mCi ”Pi per dish (Amersham). The medium was then replaced 
with buffer containing a stimulus for 5 minutes, after which the 
reaction was stopped by the addition of ice-cold buffer, followed by a 
brief rinse with 10% TCA Neutrophils were scraped from the dish 
in 3 mL of ice-cold Collection Buffer (0 25 mol/L of sucrose, 0.1 
mol/L of NaF, 10 mmol/L EDTA, 0.1 mmol/L of PMSF, 0.1 
mmol/L of Aprotinin and 0.1 mmol/L of trypsin inhibitor [Boehrin- 
ger-Mannheim]). Total cellular protein was precipitated with 25% 
TCA and extracted with acetone. Final pellets were solubilized in 50 
ul of sample buffer [625 mmol/L of Tris, 10% glycerol, 5% 
2-mercaptoethanol, 2% SDS plus bromphenol blue] and boiled for 3 
minutes before freezing 35 ug of solubilized protein ** per lane was 
subjected to electrophoresis on 10% polyacrylamide gels (160 x 180 
mm, according to the method of Laemmli.” Autoradiography was 
performed at —70 °C for 72 hours using Kodak X-Omat AR film 

Enzyme release and Oy assays. Neutrophils were incubated at 
105 cells/mL in Hank's buffer or PBS (pH 7 5) for 5 minutes at 
37 *C with or without phorbol, mezerein, or inhibitors At the end of 
the incubation period, cells were centrifuged at 1,000 g for 10 
minutes at 4 °C, and the supernatant was removed The supernatant 
material was then assayed for content of vitamin B, binding 
protein“ or lactate dehydrogenase (LDH).** O, generation was 
monitored as superoxide dismutase-inhibitable cytochrome c reduc- 
tion according to published endpoint assays “ 

Quin 2 assay for intracellular calctum Quin 2 loading and 
fluorescence measurements were performed according to the method 
of Korchak and co-workers," with the exception that PBS plus 1 
mmol/L of Mg?* and 0.6 mmol/L of Ca?* was used as the 
medium 


RESULTS 


Stimulation of PKC activity by phorbol esters. To 
examine the effect of phorbol esters and mezerein on PKC 
activity in human neutrophils, cell homogenates were sepa- 
rated into soluble and insoluble fractions, each of which was 
assayed using histone protein as a PKC substrate. PKC 
activity was defined as the specific incorporation of ?Pi into 
histone (present in excess in the assay) which was dependent 
on the presence of phospholipid and calcium. Under the 
conditions of our assay, PKC was dependent on phospholipid 
and calcium, with optimal activity at 0 5 mmol/L of added 
calcium and 18 ug/mL of phosphatidylserine. Background 
activity (ie, in the absence of phospholipid, calcium, and 
activators) was «30 pmol ?P/10 min/10$ cell equivalents. 
Basal PKC activity (in the absence of phorbol) was low, 
—33 + 25 pmol ?P/10 min/10° cell equivalents (Table 1). 
When incubated with 100 nmol/L of PMA or PDBu, soluble 
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Table 1 Human Neutrophil Protein Kinase C Activity 





pmol ?P/10 min/ 





10* cell Eq 

Soluble fraction 33'+ 25 
Insoluble fraction 15 + 12 
Soluble + nmol/L of PMA 578 + 50 (81%) 
Insoluble + nmol/L of PMA 136 + 40 
Soluble + 100 nmol/L PDBu 390 + 42 (75%) 
Insoluble + 100 nmol/L of PDBu 132 + 14 
Soluble + 100 nmol/L of mezerein 42 x 18 
Insoluble -- 100 nmol/L of mezerein 3+9 

Soluble + 2 g/mL 1,2-diolein 413 + 26 (81%) 
Insoluble + 2 ug/mL 1,2-diolein ES 98 + 18 





PMA, phorbol 12-myristate 13-acetate, PDBu, phorbol 12, 13-dibuty- 
rate. 

Isolated human neutrophils were sonicated and centrifuged at high 
speed to obtain soluble (supernatant) and insoluble (pellet) fractions. 
Aliquots of each fraction were then assayed for protein kinase C (PKC) 
activity by monitoring radioactive phosphate incorporated into histone, 
and using phorbol esters, mezerein, or 1,2-diolein as stimuli. Results 
were obtained from at least ten separate experiments, and each experi- 
ment was performed in triplicate, the data are means + 1 SD for these 
experiments Numbers in parentheses indicate the percentage of total 
PKC activity in that fraction. 


material contained >75% of the total PKC activity (Table 
1). Neither whole neutrophils nor neutrophil sonicates 
(either with or without nuclei) had any significant PKC 
activity. 

PKC activity stimulated by PMA or PDBu in the soluble 
fraction from untreated cells was dependent on the concen- 
tration of the phorbol esters (Fig 1) In contrast, mezerein, 
an analogue and competitive inhibitor of PMA and 
PDBu,?5?9 did not activate soluble PKC over the same 
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Fig 1. Phorbol ester- and mezerein-stimulated protein kinase 
C activity in human neutrophils. Cells vvere sonicated and centri- 
fuged at 100,000 g to obtain soluble (supernatant) and insoluble 
(pellet) fractions. Soluble material was assayed for protein kinase 
C (PKC) activity in a cell-free assay for 10 minutes at 30 °C as 
described in the Materials and Methods section. Each point 
represents the mean (+1 SD) of at least ten experiments. The 
results show dose-response curves for phorbol 12-myristate 
13-acetate (PMA) (6), phorbol 12,13-dibutyrate (PDBu) (IM), and 
for mezerein (4). 
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concentration range (Fig 1). PMA and PDBu also activated 
PKC in the insoluble fraction (Table 1). Mezerein did not 
activate insoluble PKC above basal levels at any concentra- 
tion tested (results not shown). 

If neutrophils were treated with 107 mol/L of mezerein 
before lysis and the isolated soluble material was incubated 
with various concentrations of PDBu, nearly total inhibition 
of PDBu-dependent PKC activity was observed (Fig 2). 
Pretreatment with 107? mol/L of mezerein only partially 
blocked PDBu-induced PKC activity (Fig 2). Similar results 
were found with PMA (data not shown). These data suggest 
that mezerein blocked previously active PKC, perhaps by 
competing directly with the binding of PMA and PDBu, a 
possibility that is consistent with previously published 
results.” 

PKC translocation and functional activation of neutro- 
phils by phorbol derivatives. Because mezerein blocked 
the stimulation of PKC activity by PMA and PDBu, we 
looked at the effect of these agents on various neutrophil 
functions. To test the ability of phorbol esters and mezerein 
to induce PKC translocation, cells were pretreated with 
various concentrations of PMA, PDBu, or mezerein, lysed, 
and then separated into soluble and insoluble fractions. 
Under these conditions, translocation of PKC activity from 
the soluble to the insoluble fraction was observed at PDBu 
concentrations from 1077 to 107° mol/L (Fig 3A), with a 
maximum at 1074 mol/L. Higher drug concentrations 
resulted in cell lysis, as indicated by an increase in lactate 
dehydrogenase release from the cytoplasm (Fig 3, inset). 
Similar results were obtained in experiments with PMA 
(data not shown). PKC translocation was not detected in 
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Fig 2. Inhibition by mezerein of phorbol 12,13-dibutyrate 
(PDBu)-stimulated protein kinase C activity Human neutrophils 
were incubated with buffer (@), 107% mol/L of mezerein (A), or 
10^? mol/L of mezerein (ll) for 5 minutes at 37 °C, washed to 
remove residual drug, and then sonicated. Sonicates were centri- 
fuged at 100,000 g to obtain soluble (supernatant) and insoluble 
(pellet) fractions. The soluble fractions were then assayed for 
protein kinase C (PKC) activity using increasing doses of PDBu as a 
PKC activator in a cell-free assay. Each point represents the mean 
of two experiments, with each experiment performed in triplicate; 
SD from the mean were consistently <15%. The dotted line 
represents basal activity of PKC in the absence of phorbol. 
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Fig 3. Effect of phorbol es- 
ters and mezerein on human 
neutrophil protein kinase C 600 
"translocation.' Neutrophils 
were treated with various doses 
of either phorbol 12,13-dibutyr- 
ate (PDBu) (A) or mezerein (B) 
for 5 minutes at 37 °C and then 
sonicated on ice. Sonicates were 
then centrifuged at 100,000 g to 
obtain soluble (supernatant, 9) 
and insoluble (pellet, 9) frac- 
tions. Both fractions were then 
assayed for protein kinase C 
(PKC) activity using 2 ug/ml of 
1,2-diacyglycerol as an activator 
(n = 5). Background kinase ac- 
tivity in soluble (O) and insoluble 100 
(6) fractions was measured in 
the absence of calcium, phos- 
pholipid, and activators. Inset: 
release of cellular LDH induced 9 7 
by exposure of neutrophils to 
PDBu (W) or mezerein (9). 
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mezerein-treated cells, and mezerein appeared to inhibit 
PKC activity (Fig 3B). 

Phorbol esters and mezerein were tested for their ability to 
stimulate the release of vitamin B; binding protein, a 
constituent of specific granules, from intact cells. PDBu 
stimulated the release of intracellular granule contents into 
the extracellular medium (Fig 4), with maximum degranula- 
tion of 63% obtained at 107* mol/L. Experiments using 
identical concentrations of PMA produced similar results 
(data not shown). Mezerein also induced up to 6076 degranu- 
lation, but a maximal response was obtained at drug concen- 
trations 3 to 4 orders of magnitude higher. These results were 
obtained without significant concomitant lactate dehydro- 
genase release «107^ mol/L (Fig 3, inset). 

Human neutrophils were tested for their ability to gener- 
ate O,” in response to phorbol esters and mezerein. Although 
mezerein proved to be a better stimulus for generating O77, 
both mezerein and PDBu induced the production of Oj" ina 
dose-dependent manner (Fig 5). Maximal production of O,7 
was 10 nmol/5 min/10° cells using 10~* mol/L of PDBu or 
1077 mol/L of mezerein. 

Our data suggested that mezerein stimulated neutrophils 
to degranulate and produce O5" through a mechanism that 
was independent of PKC, since no PKC translocation and 
little PKC activity was observed, and that was different from 
that stimulated by PMA and PDBu. Because PKC is acti- 
vated by calcium and because phorbol esters decrease the K,, 
for calcium, we wanted to determine if mezerein produced its 
effects by changing intracellular calcium concentrations. 
Concentrations of 1umol/L of this compound did not cause a 
rise in intracellular calcium (data not shown). N-formyl- 
methionyl-leucyl-phenylalanine (FMLP), however, at a 0.1 
pmol/L of concentration, caused the expected rise in intra- 
cellular calcium." These data suggest that mezerein pro- 
duces its cellular effect without causing a rise in intracellular 
calcium, much as has been reported for PMA and PDBu. 

Phorbol ester-induced phosphorylation, of endogenous 
cellular proteins. We performed an SDS-PAGE analysis 
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of endogenous cellular phosphorylation patterns generated 
by treating cells with phorbol esters or mezerein in an 
attempt to understand how such different responses could be 
elicited by similar agents. Cells were metabolically labeled 
with radioactive phosphorus (ie, ?Pi) and then incubated 
with 1075 mol/L of PMA, PDBu, or mezerein for 5 minutes. 
Cellular protein was then collected and phosphorylation 
patterns were analyzed by separating 35 ug of protein by 
SDS-PAGE and visualizing phosphoproteins by autoradi- 
ography. The results of these experiments are presented in 
Fig 6. Control cells, which were incubated in the absence of 
phorbol or mezerein (Fig 6, D'), had at least 11 phosphopro- 
teins visible by these methods. The high degree of phosphor- 
ylation observed in cells incubated without a stimulus was 
probably due to partial activation of control cells secondary 
to their adherence to Petri plates during phosphate loading. 
In all cases, treated cells had an increase in both the number 
of phosphoproteins (as compared with the control) and in the 
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Fig 4. Phorbol ester- and mezerein-induced degranulation of 
human neutrophils. Neutrophils were incubated for 5 minutes at 
37 °C with various concentrations of either phorbol dibutyrate 
(PDBu, @) or mezerein (M). The incubation medium was then 
assayed for content of Vitamin B4; binding protein. Each point 
represents the mean of at least three experiments. The dotted line 
indicates basal degranulation (in the absence of activator). 
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Fig 5. Effect of phorbol esters and mezerein on human neutro- 
phil superoxide anion production. Neutrophils were incubated with 
various concentrations of either phorbol 12,13-dibutyrate (PDBu, 
€) or mezerein (W) for 5 minutes at 37 °C. The incubation medium 
was then assayed for superoxide dismutase-inhibitable superoxide 
anion (077) production, monitored by the reduction of cytochrome 
cin the assay medium. Each point represents the mean +1 SD of at 
least three experiments. 


density of labeling of bands Phosphoprotein patterns for 
cells treated with PMA (Fig 6, A’) and with PDBu (Fig 6, 
B’), both used at 100 ng/mL, were nearly identical. Cells 
treated with 1075 mol/L of mezerein (Fig 6, D^), however, 
had a higher degree of phosphorylation of proteins at 45, 38, 
25, 24, and 15 kd as compared with phorbol-treated cells. 
More important, additional labeling was observed at 32 and 
14 kd, and a doublet was observed at 20 kd, (arrows, Fig 6), 
results that were not observed in phorbol-treated cells. 
Although none of the phosphoproteins generated by phorbol 
or mezerein treatment were identified in this study, these 
preliminary results suggest that mezerein-treated intact neu- 
trophils phosphorylate a slightly different subset of cellular 
proteins than do phorbol-treated cells. 


DISCUSSION 


Tumor-promoting phorbol esters elicit a series of 
responses when used as stimuli for intact neutrophils.” For 
example, rabbit neutrophils release lysozyme from intracel- 
lular specific granules and also phosphorylate a limited 
number of cellular proteins when stimulated with PMA.? In 
addition, Andrews and Babior!^" and White and col- 
leagues? showed that phorbol derivatives stimulate the phos- 
phorylation of a limited number of endogenous cellular 
proteins in human and in rabbit neutrophils. Correlations 
between the presence of phorbol esters and protein phosphor- 
ylation have been demonstrated ın fibroblasts,“ mast cells! 
platelets? and lymphocytes,** as well as in neutro- 
phils, 122822? Although it is known that some phorbol esters 
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Fig 6. Endogenous phosphorylation patterns from neutrophils 
stimulated with phorbol 12-myristate 13-acetate (PMA), phorbol 
12,13-dibutyrate (PDBu), or mezerein. Neutrophils were treated 
with 10^ *-mol/L concentrations of phorbol esters or mezerein for 
5 minutes at 37 °C, and the reaction was stopped by addition of 
ice-cold buffer. Total cellular protein was collected by trichloro- 
acetic acid precipitation and acetone extraction. Phosphorylation 
patterns were visualized by the separation of 35 ug of protein” on 
10% sodium dodecyl sulfate (SDS)-polyacrylamide gels. Autoradio- 
graphy was performed at —70 °C for 72 hours using a Lightening 
Pius (DuPont) intensifying screen. Lanes A' through D' are stained 
with Coomassie brilliant blue for protein, and lanes A' through D' 
are the corresponding autoradiographs. A, PMA; B, PDBu; C, 
mezerein; D, control cells incubated in buffer plus vehicle (<0.1% 
dimethylsulfoxide). Numbers (right) represent the relative mol wts 
of protein standards run in parallel with lanes A through D. 
Arrows: additional labeling was observed at 32 and 14 kd, and a 
doublet was observed at 20 kd. 


bind directly to PKC, details of the activation mechanism 
after binding that contributes to these effects are not 
known, 

We confirmed previous results demonstrating that PMA, 
PDBu, and mezerein all induce O,~ production, degranula- 
tion and phosphorylation events in the human neutrophil. 
Mezerein stimulated higher levels of O5 production, though 
lesser amounts of degranulation, than did PDBu at similar 
concentrations. This observation compares favorably with 
that of Goldstein and co-workers’? who demonstrated that 
mezerein at 107? to 1.5 x 1077 was a better inducer of O,7 
production than was PMA. 

We found that mezerein at 107? to 107? mol/L, unlike 
PMA and PDBu, induced no neutrophil PKC activity, nor 
did it lead to PKC translocation (Figs 2 and 3). Our results 
do not rule out the posssibility that PKC had translocated to 
the insoluble fraction when treated with mezerein but was 
not active or was not detected under our assay conditions. For 
example, mezerein-activated PKC may not phosphorylate 
histone in our assay. Recent experiments have suggested this 
is not the case, since PMA and PDBu stimulated the 
phosphorylation of myosin light chain in our assay, but no 
such activity was detected at any concentration of mezerein 
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tested (unpublished observations). We showed that mezerein 
blocked PDBu-stimulated PKC activity (Fig 3). In addition, 
whereas 1075 mol/L of mezerein completely blocked both 
PMA- and PDBu-stimulated PKC activity both before and 
after cell disruption, 107? mol/L of mezerein only partially 
inhibited this event. These results are in direct contradiction 
to certain previously published reports involving mezer- 
ein. 999?! For example, both crude? and partially purified?! 
PKC from mouse brain cytosol gave comparable activities 
with either PMA (107? to 3 x 1075 mol/L) or mezerein. In 
contrast, our results were obtained with crude soluble and 
insoluble fractions of neutrophils (Table 1 and Figs 1—3), and 
we consistently obtained inhibition of PKC activity using a 
wide range of concentrations. The contrary results??? were 
reported only for narrow mezerein concentration ranges, 
although we demonstrated clear dose-response effects for 
concentrations from 107* to 10~* mol/L. Although we have 
not directly shown that mezerein is a competitive inhibitor of 
PMA in our assay, our results demonstrate that pretreatment 
of whole cells with mezerein inhibits subsequent stimulation 
by PDBu (Fig 2) and are consistent with the hypothesis that 
mezerein and certain phorbol esters (ie, PMA and PDBu) 
may be competing for similar binding sites on the PKC 
molecule.” It is possible that mezerein has inhibited or 
activated cellular pathways other than those stimulated by 
PMA and PDBu, and that PKC inhibition is simply periph- 
eral to the specific effect of this agent. 

The important implication from our results is that PKC 
activity, as measured by commonly used techniques, can be 
dissociated from well-known and very important neutrophil 
functions, namely degranulation and O,~ production, in the 
presence of mezerein. Significant differences were discov- 
ered in the phosphorylation patterns of endogeneous neutro- 
phil proteins from cells treated with mezerein, a compound 
that may stimulate cellular functions through a different 
mechanism than that used by PMA and PDBu. It is also 
noteworthy that cellular activation by mezerein does not 
cause a rise in intracellular calcium as monitored by Quin-2 
fluorescence. Our work provides additional evidence that it is 
possible to dissociate PKC activity, as monitored by histone 
phosphorylation, from certain other neutrophil functions. 
Intact neutrophils treated with either PMA or PDBu (in 
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contrast to mezerein) exhibited both an activation of PKC 
and translocation of enzymatic activity from the soluble to 
the insoluble fraction. These results are in good agreement 
with those of Kraft and co-workers? and other research- 
ers7?*5 who showed a similar shift in PKC activity. 
Although mezerein appeared to inhibit PKC translocation, 
further experimentation is clearly required to prove this 
point. In certain cases, translocation of PKC may be neces- 
sary to elicit subsequent events in the activation pathway, 
such as endocytosis, degranulation, and O,~ production. For 
example, activation of PKC and its translocation to such 
cytoskeletal elements as microfilaments may trigger cell 
motility or surface protein redistribution, since the myosin 
light chain is phosphorylated by PKC.* Phosphorylation of 
the myosin light chain has been shown in at least one system 
to lead to some of these events.” PDBu has been shown to 
induce the phosphorylation of surface receptors for insulin®° 
and for epidermal growth factor* and to induce the redistri- 
bution and capping of concanavalin A and Lyt-3 surface 
receptors in human lymphocytes. 

Our preliminary studies using mezerein suggest that PKC 
activity can be inhibited under conditions in which neutro- 
phils are stimulated to degranulate and generate O,”. In 
addition, in this study, mezerein induced the phosphorylation 
of a slightly different subset of cellular proteins than either 
PMA or PDBu (Fig 6), a regulatory event which may or may 
not mediate the same secretory responses as the phorbols. 
Previous models have linked PKC-generated phosphoryla- 
tion to later events in the stimulus—response pathway in 
neutrophils. In light of the present data, it is now necessary to 
reconsider the existing model to accommodate the possibility 
that a PKC-independent mechanism may be operating in 
activated neutrophils. Any proposed alternate mechanisms 
must be independent of increases in intracellular calcium, 
since mezerein did not cause a rise in Quin-2 fluorescence. It 
must also take into consideration the activity of kinases other 
than PKC, since there were clearly differences in the phos- 
phoproteins generated by mezerein v phorbol. As a mini- 
mum, it must be noted that PKC activity, as monitored by 
the cell-free and endogenous protein phosphorylation assays, 
is not an absolute prerequisite for neutrophil stimulation. 
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Antilymphocytic Antibodies and Marrow Transplantation. VIII. Recipient 
Conditioning with Clq-Affine Monoclonal Anti-Pan T Antibodies 
Prevents GVHD in Homozygous Fully Mismatched Mice 


By Stefan Thierfelder, Udo Kummer, Rolf Schuh, and Josef Mysliwietz 


An approach to suppressing secondary disease with anti- 
bodies was studied that differed from conventional anti- 
body treatment of donor marrow in vitro. It consisted of (a) 
the selection of anti-Thy-1 antibodies with high affinity for 
Clq, the first subunit of the complement cascade, and (b) a 
single injection of such antibodies into prospective irra- 
diated marrow recipients. Monoclonal mouse IgM and rat 
IgG 2c antibodies of high titers in complement-dependent 
test systems but with low affinity for Clq caused little 
immunosuppression. Monoclonal rat lgG2b or mouse IgG2a 
anti-Thy-1 antibodies with high affinity for Clq prevented 
acute and chronic mortality of graft-v-host disease 
(GVHD), however, when injected in irradiated CBA or AKR 


VIDENCE SHOWS that many monoclonal anti- T lym- 
phocyte antibodies show little immunosuppression in 
mice even though they fix heterologous complement and lyse 
T cells up to high antibody dilutions in vitro.! Such antibod- 
les suppress graft-v-host disease (GVHD) when used for in 
vitro pretreatment of donor marrow, provided lytic comple- 
ment was added.”* Polyclonal rabbit antibodies that react 
with T cells did not show this dependence on complement in 
the pretreatment of donor cells for suppression of GVHD in 
mice and dogs.** On the other hand little clinical suppression 
of GVHD is observed following in vitro treatment, in the 
absence of complement,’ with monoclonal anti-human T cell 
antibodies. We recently found a class of rat monoclonal 
antibodies (mAb) against the pan T antigen Thy-1 that 
suppresses GVHD*? without the addition of complement 
during in vitro treatment of donor marrow. They were of the 
rat IgG2b isotype and had previously been found to delay the 
rejection of tumor or skin allografts.'^!! Analysis of the 
mechanism(s) that might promote T cell inhibition by these 
antibodies led to the conclusion that their comparatively high 
affinity for Clq, the first subunit of the complement cascade, 
facilitated the clearance of antibody-coated T cells in the 
marrow recipient? Exploiting the capacity of Clq-affine 
anti-Thy-1 mAbs to inhibit T cells in vivo, we have now been 
able to show that a single injection of rat IgG2b anti-Thy-1 
mAbs not only prevents GVHD of subsequently transfused 
fully mismatched spleen and/or bone marrow cells but also 
reduces residual host-v-graft reactions. This resulted in 
hematopoietic engraftment and lasting chimerism even after 
a dose of only 5 or 6 Gy total body irradiation. Finally, we 
report a mouse anti-Thy-1 mAb of IgG2a isotype with high 
affinity for Clq and the same immunosuppressive qualities 
that we observed in the rat IgG2b anti-Thy-1 mAb, namely 
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mice prior to C57BL/6 spleen and/or bone marrow cell 
transfusion. This treatment simultaneously suppressed 
residual host-v-graft reactivity of the irradiated mice, so 
that permanent hematopoietic engraftment ensued even 
at 5 or 6 Gy. Full chimerism and specific tolerance were 
obtained. Primary immune response to SRBC was clearly 
depressed in the chimeras; secondary immune response 
was not. Clearance of T cell antibody activity (>6 days), 
timing, and dose of injected antibody, as well as other 
modalities of the conditioning treatment that may have 
contributed to the remarkable immunosuppression, are 
discussed. 

o 1986 by Grune & Stratton, Inc. 


suppression of GVHD either by pretreatment of donor cells 
even without complement or by treatment of irradiated 
prospective marrow recipients. 


MATERIALS AND METHODS 


Bone marrow transplantation. Twelve-week-old mice of the 
CBA and AKR (H-2*, Ia*) and C57BL/6 (H-2°, Ia") strains, 
originally from the Jackson Laboratory (Bar Harbor, Me) and their 
(C57BL/6xCBA)FI hybrids, were raised under specific pathogens— 
free (SPF) conditions in our institute A total of 5 x 10? spleen and 
2 x 10’ bone marrow cells (in one series of experiments, a tenth of 
this amount) from C57BL/6 mice were suspended in RPMI 1640, 
filtered through nylon mesh, pelleted, and resuspended. No attempt 
was made to separate RBCs from splenocytes. Spleen cells (0.25 
mL) were injected together with bone marrow cells into the tail vein 
of CBA or AKR mice weighing 22 to 25 g, that had been exposed 24 
hours earlier in transparent, thermoplastic acrylic resin containers to 
4 to 85 Gy using "Cs (Gammacell, HWM-D-2000, Ottawa, 
Canada) at 131 rad per minute from opposing sources, with each 
target distance 35 cm. The animals were caged in groups of six, and 
the cages were changed twice weekly All mice were fed a fat- 
supplemented diet and antibiotic-supplemented water ad libitum 
They were weighed weekly and examined for clinical signs of 
GVHD 

Typing Tests for chimerism were conducted on lymph node 
cells, using polyclonal antisera (CBA-anti-C57BL/6 and C57BL/ 
6-anti-CBA) with a titer of 1:500 m an in vitro complement- 
dependent microcytotoxicity assay.” 

Immunocompetence of chimeras. Specific donor-type skin-graft 
tolerance and humoral immune response to sheep RBCs (SRBCs) 
were evaluated. Tail skin grafts of C57BL/6 or Balb/c mice were 
placed on the lateral thoracic wall of allogenic mice. They were 
covered with vaseline-impregnated gauze and adhesive tape. After 
10 to 14 days, the grafts were inspected every second day and later 
every week for signs of rejection The immune response to SRBCs 
was tested 4 days after primary or secondary immunization, using a 
method originally described by Jerne and Nordin."* Direct hemolytic 
plaques (IgM response) were formed following addition of diluted 
guinea pig complement. Further incubation followed at 37 °C for 1 
hour. Indirect plaques (IgM + IgG response) were detected with 
anti-mouse Ig. SRBC-agglutinating activity of mouse sera was 
tested in microliter plates using a 5% cell suspension. 

Conditioning for suppression of GVHD with antibodies. Anti- 
body (0.25 mL) was injected as indicated, usually 4 hours after total 
body irradiation, ie, 20 hours before transplantation, intraperitone- 
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ally (i.p) or subcutaneously (s.c.). For the incubation approach, 
donor cells were incubated for 1 hour at 37 °C with antibody and 
fresh nontoxic rabbit serum (1:6) in 0.25 mL final volume before 
transplantation The cells were not washed. 

Antibodies RmT, and RmT, (Table 1) were selected from a 
fusion of rat myeloma IR 983 F'® and Lou/c rat spleen cells 
immunized against Balb/c thymocytes. They were used as ascitic 
fluid with an antibody activity corresponding to 2 mg antibody 
purified by means of a preparative block electrophoresis. The titers 
of the antibody doses are listed in Table 1 HO-13-4 was bought as 
NEI-001 from New England Nuclear, Boston, and later produced 
from the hybridoma" obtained through ATCC (TIB 99). 63-002, 
Clone TC was bought in the form of ascitic fluid from Bayer- 
Diagnostik, Munich, FRG. 

Antibody test systems |Complement-dependent microcytotoxic- 
ity’? was assayed in vitro using nontoxic rabbit serum as the 
complement source. Titer endpoint was 50% of unstained thymo- 
cytes. 

Quantitative complement fixation was adapted as a micromethod 
to determine binding to membrane antigens.? Two units of guinea 
pig complement, causing 50% hemolysis, was added to 10 uL of 
serial dilutions of antibody and 100 pL of lymphocytes (10? cells/ 
mL) Complement-fixing antibody titer was defined as the antibody 
dilution that in the presence of T cells caused 50% lysis of the 
hemolytic indicator system consisting of SRBCs sensitized with 
rabbit hemolysin. 

Preparation of microtiter plates for enzyme-linked immunoassay 
(ELISA) For ELISA, polystyrene Nunc-Immunoplates (Nunc 
439454, Wiesbaden, FRG) were treated with 50 uL per well of 
poly-L-lysine (PLL-Sigma P1274, Deisenhofen, FRG) at a concen- 
tration of 10 ug/mL ın PBS The plates were incubated overnight at 
4°C and then washed twice in PBS; 50 uL cell suspension of the 
required concentration was added to each well. The plates were 
incubated for 45 minutes at 4°C and fixed with glutaraldehyde 
(GDA Sigma G5882) at a final concentration of 0.0596 in PBS for 15 
minutes at room temperature. The GDA solution was discarded, and 
the plates were washed three times with PBS; 50 uL per well of 0 15 
mol/L of glycine was then added for 15 to 30 minutes. The glycine 
solution was subsequently discarded, and nonspecific binding sites 
were blocked by the addition of 100 uL per well of 5% inactivated 
mouse or rat serum, 1% BSA in PBS. The plates were sealed and 
stored ın the dark at 4 °C 

The ELISA procedure was as follows. The blocking solution was 
removed from the plates, and the wells were washed twice with PBS 
prior to the addition of the primary antibody. Fifty microliters of the 
serial dilution of primary antibody (Table 1) in PBS containing 1% 
serum from the species of secondary antibody and 0 2% bovine 
serum albumin (BSA) was added to each well The plates were 
incubated for 1 hour at room temperature and then subjected to six 
washing steps with PBS. To each well was added 50 uL of an 
appropriate dilution of secondary antibody mouse anti-rat or goat 
anti-mouse IgG conjugated with horseradish peroxidase (Jackson 
212-3562, 415-3562, Avondale, Penn). The plates were incubated 
for 1 hour at room temperature and then washed six times with PBS. 
One hundred microliters of a substrate solution (1,2-phenylene 
diamine dihydrochloride (Fluka 78440, Neu-Ulm, FRG) 1 mg/mL 
of 0.1 mol/L of Tris-citrate pH 50 buffer and 0.01% H,O, were 
added, and the plates were then incubated at room temperature in 
the dark for 30 minutes The absorbance was determined at 405 nm. 
Titer was defined as 50% of maximal absorbance. 

Clq uptake. All tests were carried out with human Clq. The use 
of readily available purified human Clq instead of its murine 
counterpart is Justified by the fact that Clq is interchangeable 
between species (reviewed ın ref. 20). This ıs supported by our 
observation that when tested for binding in a radioimmunoassay, 
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Table 1. Titers of Monoclonal Rat and Mouse Anti-Thy-1 
Antibodies used for Suppression of GVHD 


Log; Antibody Titers in 


Antigen* c 

mAb Species Isotype Binding Microcytotoxicity — Fixation 
RmT1 Rat IgG2b 16 16 14 
RmT2 Rat IgG2c 16 10 8 
HO-13-4 Mouse IgM 15 20 14 
63-002 Mouse IgG2a 12 14 6 


mAb, monoclonal antibody 
*C57BL/6 thymocytes were used throughout; antigen binding was 
determined in enzyme-linked immunosorbent assay. 


fresh mouse serum totally inhibited subsequent uptake of biologi- 
cally active purified human Clq: mouse thymocytes incubated with 
rat IgG2b anti-Thy-1 antibody could be prevented from binding 
3H-labeled human Clq by addition of fresh mouse serum. Finally, 
mouse and human serum could be exchanged as a source of Clq in an 
immunohistochemical technique in which we measured Clq reten- 
tion on thymocytes first saturated with anti-Thy-1 and then incu- 
bated with peroxidase-labeled rabbit anti-human Clq (G Hoff- 
mann-Fezer, Munich). 

For the radioimmunoassay, all experiments were carried out at 
37 °C in BBS (0.15 mol/L of NaCl, 10 mmol/L of barbital HCI 
buffer, pH 73, 1 mmol/L of CaCh, 0.5 mmol/L of MgCl,) 
containing 20% heat-inactivated mouse serum (ultracentrifuged 
prior to use) and 0 1% sodium azide in 96-well, U-shaped microtiter 
plates ın a total volume of 100 uL. Saturating concentrations of 
antibody were incubated with 5 x 10° viable thymocytes. Dilutions 
of tritiated human Clq prepared according to the method of Zubler 
and co-workers” and tritiated to a specific activity of ~40 Ci/nmol” 
were then added Following first and second incubation (each 45 
minutes), repeated washing steps with ice-cold BBS containing 1% 
heat-inactivated mouse serum and 0 1% sodium azide were carried 
out, and cells were collected by means of a cell harvester on glass 
fiber filters. The resultant cell-bound radioactivity was then deter- 
mined by counting in a liquid scintillation spectrometer 


RESULTS 


Antibody titers. Table 1 summarizes results of the 
simultaneous titration of antibodies used to suppress GVHD. 
Thymocytes were used as target cells. The antibodies titrated 
also against lymph node T cells, were about two dilutions 
lower (data not shown), which is explained by the lower 
Thy-1 antigen density on postthymic T cells.” Either no 
titers or very low ones were obtained in the C'-dependent test 
systems ın the presence of fresh mouse serum. Attempts to 
modify the microcytotoxic test to enhance T cell lysis by 
mouse complement, ie, in the presence of fresh serum from 
certain mouse strains, were not undertaken. In summary, 
our titrations reveal four antibodies potent in antigen binding 
and activation of heterologous C’. 

Clq uptake. Contrary to the above test systems, our 
tritiated Clq test clearly separates the four antibodies into 
two groups according to their Clq-binding capacity (Fig 1). 
Although it is unusual that RmT, and HO-13-4, with high 
titers in C'-dependent tests, fail to bind Clq, we explain this 
discrepancy by the wash-dilution step that is necessary in the 


. Clq test but not in the cytotoxic and the C’ fixation tests. 


Because the uptake of Clq was measured after the wash- 
dilution step necessary to remove unbound labeled Clq, we 
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rat origin mouse origin 


7 IgG2b 


IgG2a 


(3H)-C1q bound (cpm x 1073) 





RmT 1 
RmT2 


Fig 1. Binding of ?H-labeled human Clq on murine C57BL/6 
thymocytes saturated with rat anti-Thy-1 or mouse anti-Thy-1.2 
monoclonal antibodies (mAbs). BG, background values without 
antibody. 


actually measured the retention of Clq by thymocytes satu- 
rated with antibody following wash-dilution (binding titer 
shown in Table 1). Antibodies that fail to retain Clq but still 
activate C’ were regarded as Thy-l antibodies with low 
Clq-binding affinity, ie, a Clq affinity that does not with- 
stand the wash-dilution of the Clq uptake test but is good 
enough for C' activation in C'-dependent cytotoxicity and C' 
fixation. 

As explained ın the Materials and Methods section, Clq 
from human or mouse serum is interchangeable. The differ- 
ences in uptake of Clq that were found with the readily 
available purified human Clq were observed indirectly also 
for the Clq equivalent in mouse serum. In summary, Clq 
uptake made it possible to group anti-Thy-1 antibodies into a 
rat IgG2b and mouse IgG2a isotype with high affinity and a 
rat IgG2c and mouse IgM isotype with low Clq affinity. 
Furthermore, Clq uptake can be estimated using both fresh 
heterologous and homologous mouse complement. 

Circulating antibody activity. Injection of 0.25 mL of 
antibody leads to comparable antibody titers in the serum of 
mice 24 hours later whether it was administered s.c. or i.p. 
Even the titer of the s.c. administered IgM antibody (HO- 
13-4) was not lower than that administered i.p. Figure 2 
shows that there was a high titer as early as 6 hours 
postinjection and a 3- to 4-log, titer reduction on day 3. Mice 
irradiated with 8.5 Gy and injected 24 hours later had low 
antibody activity and nonirradiated mice a barely measur- 
able antibody activity on day 6. Whether mouse antibodies 
against the rat anti-Thy-1 mAbs or whether the low absorp- 
tion capacity of the irradiated aplastic mice was responsible 
for this difference in titer was not determined. 

Donor cell pretreatment As shown in Table 2, HO-13-4 
mouse IgM and RmT, rat IgG2c anti-Thy-1 suppressed 
acute GVHD mortality only in the presence of complement, 
whereas the other two antibodies, with high affinity for Clq, 
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Log 2 Antibody Titer 





6h 1 3 6 


Days after Injection 


Fig 2. Clearance of lymphocytotoxic antibody activity in the 
serum of mice injected with 0.25 mL of anti-Thy-1 monoclonal 
antibodies (mAbs). RmT, (O,9), RmT, (x); mice irradiated with 8.5 
Gy (O), nonirradiated mice ( @,x). Each point represents pooled 
serum of three mice. 


suppressed GVHD in the marrow recipient without requiring 
in vitro complement. 

Conditioning of the recipient. Timing of antibody 
administration was important. Injection of RmT, into irra- 
diated mice 20 hours or 4 hours before transplantation 
largely prevented acute and chronic GVHD mortality in 
CBA and AKR mice (Table 3, tests 1, 1b, 2, 2b, and 7). The 
antibody had lost most of its immunosuppressive effect when 
injected 2 days after transplantation, however (Table 3, test 
4). Dose-response experiments likewise showed complete 
loss of immunosuppressive activity at an antibody dilution of 
1:20 (Table 3, test 6) Prevention of GVHD was also possible 
with 63-002 mouse IgG2a anti-Thy-1, whereas conditioning 
with the two antibodies with low Clq affinity caused only a 
marginal delay in GVHD mortality (Figs 3 and 4). Chronic 
secondary disease induced by transfer of bone marrow with- 
out spleen cells was well suppressed with RmT, (Fig 3). 

Chimerism. A reduction in our usual C57BL/6 cell 
numbers to 10%, ie, 5 x 10° spleen and 2 x 10° bone marrow 
cells, was still compatible with chimerism and prevention of 
GVHD in CBA mice irradiated with 8.5 Gy and conditioned 


Table 2. Suppression of Acute and Chronic Mortality From 
GVHD* With Mouse Anti-Thy-1.2 or Rat Anti-Thy-1 
Monoclonal Antibodies: Effect of Adding C' In Vitro 


Survival (96) 
Antibodyt Source Isotype c't Day 30 Day 60 
HO-13-4 Mouse IgM + 100 66 
Mouse IgM — 0 
63-002 Mouse IgG2a + 100 83 
Mouse IgG2a e 100 66 
RmT1 Rat IgG2b + 100 83 
Rat IgG2b — 100 100 
RmT2 Rat IgG2c + 83 50 
Rat IgG2c — [6] 





*Test system consisted of C57BL/6 spleen and bone marrow celis 
into CBA irradiated with 8.5 Gy (six mice per group) 

tDiluted in 0.25 PBS with antibody titer as indicated in Table 1 

Fresh nontoxic rabbit serum 1:6. 
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Table 3. Timing of Antibody Injection and Antibody Concentration in the Conditioning of Marrow Recipients 
With RmT1 Rat IgG2b Anti-Thy-1 for Suppression of GVHD 
Transplantation Antibody Treatment Survival (96) 
Concentration Timing} 

Test No Donor* Recipient (mg) (h) Day 30 Day 60 Day 100 
1 C57BL/6 CBA 2 4 100 100 100 
1bt C57BL/6 CBA 2 4 83 83 83 
2 C57BL/6 CBA 2 20 83 83 83 
2bt C57BL/6 CBA 2 20 100 100 100 
3 C57BL/6 CBA 2 48 50 0 0 
4 C57BL/6 CBA 2 72 (0) — — 

5 — CBA 05 4 100 83 83 
6 C57BL/6 CBA 01 4 o — — 
7 C57BL/6 AKR 2 4 100 100 83 


*Spleen cells (5 x 10’) and bone marrow cells (2 x 10’). 


+Groups of six mice were irradiated with 8.5 Gy 24 hours before transplantation. 


tHours after irradiation that O 25 mL of antibody was administered 


with RmT, (data not shown). Table 4, tests 1, 2, and 7 shows 
that combined conditioning with radiation and RmT,— 
injected 4 or 20 hours later—allowed a reduction in radiation 
to 5 or 6 Gy, a dose after which (in the absence of RmT|) 
CBA mice were not chimeric (tested 3 weeks posttransplan- 
tation) when transfused with marrow from (CS7BL/ 
6xCBA) F, donors. Injection of RmT, 1 day prior to irradia- 
tion with 6 Gy induced chimerism in only two of six mice 
(Table 4, test 6). Whereas 5 Gy followed by RmT, still 
induced chimerism, with 100% lymphocytotoxicity by CBA- 
anti-C57BL/6 immunoserum and 5% to 10% by C57BL/ 
6-anti-CBA-serum, our results were the opposite after 4 
Gy + RmT,. Clear partial chimerism was not observed. 
Immunocompetence of chimeras. "Transplantation be- 
tween homozygous mice mismatched in class I and class II 
MHC antigens raised the question of whether lymphohema- 
topoetic reconstitution is satisfactorily achieved. A compara- 
ble gain in weight was observed in chimeras and control mice 
grafted with syngeneic and semiallogeneic marrow. Recon- 
stitution of cellular immunity demonstrated tolerance of skin 
from marrow donor strain (survival >50 days) that was 
grafted on nine 60-day chimeras conditioned with 8.5 or 6 Gy 
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Fig 3. Survival of CBA mice after transplantation of spleen 


together with bone marrow cells (x,0,M) or of bone marrow celis 
alone ( A. A). CBA mice were conditioned with 8.5 Gy and 0.25 mL 
of rat anti-Thy-1 antibody (BLA, CJ) or with irradiation alone (x, A). 


Table 4. Effect of Radiation Dose and Timing of Antibody 
Injection on Chimerism in Marrow Recipients Conditioned 
With RmT1 Rat IgG2b Anti-Thy-1 


diation* Antibo 

Test ic isti Chimenismi 

No (Gy) (nt Day 14 Day 21 Day 60 
1 8.5 20 4/4 4/4 4/4 
2 6 20 3/3 2/2 4/4 
3 5 20 2/3 4/4 EN 
4 4 20 0/3 0/3 m 
5 6 96 0/4 — — 
6 6 488 2/6 2/6 — 
7 6 4 4/4 2/2 2/2. 


*Twenty-four hours before transplantation of 5 x 10’ spleen and 2 x 
10" bone marrow C57BL/6 cells into CBA mice. 

TBefore transplantation. 

Measured by microlymphocytotoxicity of lymph node cells with 
polyclonal CBA anti-C57BL/6 and C57BL/6 anti-CBA immune sera; 
number of mice with full chimerism v number of mice tested: >90% cells 
positive with CBA anti-C57BL/6 and <10% with C57BL/6 anti-CBA 
immune serum were typed as full chimeras. A reverse proportion was 
found in nonchimeric mice and in reversals. 

STest no. 2 represents 20 hours. 
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Fig 4. Survival of CBA mice after transplantation of spleen 


together with bone marrow cells from C57BL/6 donors. CBA mice 
were conditioned with 8.5 Gy and 0.25 mL of mouse anti-Thy-1.2 
antibody. E S à 
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and RmT;. Skin from third-party strains (Balb/c) was 
rejected within 18 days. Primary humoral immune response 
to SRBCs was almost negative in 60-day chimeras condi- 
tioned with 8.5 or 6 Gy and RmT, (Table 5). After secondary 
immunization, however, antibody titers and plaque-forming 
cells rose to levels observed in CBA mice grafted with 
semiallogeneic and syngeneic mice. 


DISCUSSION 


We tested modalities of an approach for the simultaneous 
suppression of graft-v-host and host-v-graft reactions. Some 
basic conclusions from differences in the behavior of mono- 
clonal antibodies regarding binding of Clq as the prerequisite 
for complement activation allowed us to separate antibodies 
of comparable specificity into isotypes inhibiting or not 
inhibiting T cell-induced complications in our marrow trans- 
plantation model. They also helped us to explain why chimer- 
ism was achieved after total body irradiation doses that could 
be reduced to 5 Gy. 

When comparing a number of rat anti-Thy-1 mAbs of 
IgM, IgG2a, b, or c isotype, we previously observed that only 
IgG2b mAbs delayed the rejection of H-2-incompatible skin 
allografts'' and suppressed GVHD following in vitro treat- 
ment of donor marrow without added complement.? We 
have now shown also that a mouse IgG2a, but not a mouse 
IgM or a rat IgG2c anti-Thy-1.2 mAb, suppresses GVHD 
when incubated with donor marrow in the absence of comple- 
ment. The mouse IgG2a anti-Thy-1.2 isotype had previously 
been found to induce opsonization by macrophages, suppress 
reactivity of spleen and lymph node cells to T cell mitogens, 
and abolish the antibody response to SRBCs in vivo.'* All 
Thy-1 antibodies of our study—independent of their mono- 


Table 5. Immune Response to Sheep RBCs in Chimeric CBA Mice 
Conditioned With Irradiation and RmT, 








Plaques per 
Test 10? Spleen Agglutination 
No. Donor Cells Log, Titer 
Primary Immunization 
T* C57BL/6 13-424 0 
2 C57BL/6 6+2 2 
3 (C57BL/6 x CBA)F, 261 + 120 8 
4 (C57BL/6 x CBA)F, 745 + 114 7 
5 CBA 707 + 207 8 
Secondary Immunization 
6* C57BL/6 520/5901 9 
x40 x140 
7 C57BL/6 355/587 9 
+66 +30 
8 (C57BL/6 x CBA)F, 158/565 9 
+70 +115 
9 (C57BL/6 x CBA)F, 130/160 9 
x8 +16 
10 CBA 120/294 9 
+51 +143 


Sixty days posttransplantation. Results are expressed as arithmetic 
means + SD from groups of four mice 

*Results of tests no 1 and 6 are from chimeras conditioned with 8.5 
Gy All other chimeras had been conditioned with 6 Gy 

TDirect/indirect plaques 
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morphic or polymorphic specificity—cross-inhibited each 
other at the Thy-1 antigen when tested in a radioimmunoas- 
say.” Thus, neither clear differences in specificity nor avidity 
could explain why RmT, rat IgG2b and 63-002 mouse IgG2a 
anti-Thy-1 appeared less complement-dependent than did 
RmT, rat IgG2c and mouse HO-13-4 IgM anti-Thy-1 in the 
pretreatment of donor marrow for suppression of GVHD. 
We therefore postulated that rat IgG2b (of which we now 
have three samples produced in different laboratories, 
including our own) and mouse IgG2a anti- Thy-1 require no 
C’ during the in vitro donor cell treatment because they coat 
the donor T cells in vitro and inhibit them after transfer by 
exploiting the marrow recipient's complement system. The 
assumption of a better complement-activating capacity of 
these two isotypes was supported by the observation that rat 
IgG2b” and (in the present study) also mouse IgG2a anti- 
Thy-1 mAbs show a high binding affinity for Clq that the rat 
IgM, IgG2a, IgG2c, and the mouse IgM and IgGl anti- 
Thy-1 isotypes lack. Without heterologous complement, the 
latter, Clq-low-affine anti-Thy-1 antibody isotopes, had not 
suppressed GVHD in the present, fully mismatched animal 
model.'? In all, we now have knowledge of seven anti-Thy-1 
rat or mouse isotypes where affinity for Clq correlates with 
the immunosuppressive efficacy of antibodies. High affinity 
for Clq had originally been observed by Hughes-Jones and 
colleagues" in rat IgG2b antibodies against rat MHC 
alloantigens. Differences in Clq-binding affinity could best 
be revealed as a retention of Clq or the lack thereof after the 
antibody-coated T cells had undergone a wash-dilution step 
in the radioimmunoassay. High affinity for Clq requires in 
addition a proximity of antibodies and consequently of 
antigens on the cell membrane so that the multiheaded Clq 
can span a distance of ~30 nm between the C y regions of at 
least two antibodies. 

The poor immunosuppression observed with HO-13-4 
mouse IgM anti-Thy-1, with a cytotoxic titer of ~1:300,000, 
may appear surprising. Our transplantation model develops a 
mortality that is very difficult to inhibit. Semiallogeneic H-2 
or certain minor-antigens-incompatible donor-recipient com- 
binations have been more sensitive to IgM anti-Thy-1 anti- 
bodies.” The failure of the IgM antibody to bind Clq under 
the conditions of our RIA, and the high uptake of Clq by 
63-002 mouse IgG2a anti-Thy-1.2 with its lower cytotoxic 
titer, shows how much better Clq-uptake correlates with in 
vivo immunosuppression by mAbs. Previous reports demon- 
strated that antibody-dependent cell-mediated cytotoxicity 
(ADCC) is promoted by various rat IgG2b" and by mouse 
IgG2a anti-Thy-1 mAbs.” It remains to be determined 
whether ADCC and Clq-binding affinity are interrelated, for 
instance, whether Fc binding to effector cells includes a link 
through Clq and/or further C' components. Clq has indeed 
been reported to be expressed on bone marrow and peritoneal 
macrophages with an affinity for Fc portions of antigen- 
bound antibodies.” 

Whatever the underlying mechanism for the remarkable 
immunosuppression of the two anti-Thy-1 isotypes may be in 
vivo, the practical implications are obvious: first, the capac- 
ity to fix complement in vitro, even at high antibody titers, is 
not a sufficient criterion for a T cell antibody to suppress 
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secondary disease optimally, and second, there are isotypes 
of C'-fixing pan-T cell antibodies that are sufficient to allow 
preparation for transplantation of mismatched marrow even 
at sublethal conditioning doses. 

Further modalities of the approach may have contributed 
to the prevention of acute and chronic GVHD in our animal 
model, for instance, the observed circulation time of the 
injected antibody activity, which lasted several days. A 
prolonged inhibitory effect on T cells may thus also have 
reached donor cells that escaped a 1-hour pretreatment in 
vitro. Our results show that the timing of the antibody 
injection is important. A delay of >24 hours after transplan- 
tation reversed immunosuppression. The effect of sublethal 
conditioning with Clq-affine anti-Thy-1 mAbs on colony- 
forming stem cells is under investigation. The transplanta- 
tions were performed mainly with excess numbers of bone 
marrow and spleen cells and recipient mice «25 g to increase 
the sensitivity with regard to acute and chronic mortality 
from GVHD. We also found that a tenth (ie, 2 x 105 bone 
marrow and 5 x 10$ spleen cells) of the usual cell amount can 
produce chimerism despite possible partial cross-reactions 
that have been reported for anti-Thy-1 mAbs and colony- 
forming hemopoietic stem cells.” 

The very low primary immune response to SRBCs of our 
fully mismatched chimeras agrees with the concept of ele- 
ments of restriction imposed by the H-2 type of thymus, in 
which immature T cells differentiate (reviewed in ref. 31). 
H-2 compatibility of lymphoid stem cells and thymus on both 
the I-A and K (or D) region is believed to be essential for the 
phenotypic manifestation of virus-specific, H-2-restricted 
cytotoxic T lymphocytes. This conclusion is in part based on 
reports??? describing how, in a primary sensitization proto- 
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col, T cells from fully allogeneic chimeras fail to mount 
virus-specific H-2—restricted CTL responses. Using thymec- 
tomized F,-radiation chimeras produced from T cell- 
depleted bone marrow and fully mismatched thymus grafts, 
however, we had already noticed a clear secondary immune 
response to SRBCs and, in vitro, the generation of alloreac- 
tive cytotoxic T lymphocytes. This agrees with the good 
secondary immune response to SRBCs in our present 
chimeras. The rejection of third-party skin grafts indicated 
that the cellular immune response can also be reconstituted 
despite a mismatched radioresistant thymus epithelium. 

In patients, transplantation of HL-A—mismatched bone 
marrow often fails even before GVHD develops Conven- 
tional high-dose total body irradiation which suppresses 
host-v-graft reactivity against minor antigens of HL-A- 
identical allografts frequently does not prevent rejection of 
HL-A-mismatched stem cells, often transfused in subopti- 
mal numbers Therefore, more complete suppression of host- 
v-graft reactivity is a prerequisite for overcoming GVHD 
across HL-A barriers Side effects, however, limit present 
attempts to increase radiation doses. Sublethal conditioning 
with Clq-affine T cell antibodies should condition for bone 
marrow mismatched for both minor and major antigens. 
Finally, leukemic patients may also be considered for the 
described sublethal conditioning. The decreased antileu- 
kemic effect of the reduced radiation dose may be well 
compensated for by the early injection of antibodies that 
contribute to the cleansing of the leukemic patient from host 
cells. The remarkable antileukemic effect of the mouse 
IgG2a anti- Thy-1.2 isotype” is consistent with our prelimi- 
nary experience with use of the rat IgG2b anti-Thy-1 isotype 
against a murine thymoma. 


REFERENCES 


1. Thierfelder S, Hoffmann-Fezer G, Rodt H, Doxaadis I, Eulitz 
M: Antilymphocytic antibodies and marrow transplantation. VI. 
Absence of immunosuppression in vivo after injection of monoclonal 
antibodies blocking graft-versus-host reactions and humoral anti- 
body formation in vitro. Transplantation 35:249, 1983 

2 Vallera DA, Soderling CCB, Carlson GJ, Kersey JH. Bone 
marrow transplantation across major histocompatibility barriers in 
mice Effect of elimination of T cells from donor grafts by treatment 
with monoclonal Thy-1.2 plus complement or antibody alone. Trans- 
plantation 31:218, 1981 

3. Thierfelder S, Hoffmann-Fezer G, Rodt H, Kummer U: Cell 
manipulation with antibodies: Differential effects of anti-T and 
ATG, in Baum S, Ledney GD (eds): Experimental Hematology 
Today, Basel, Karger Verlag, 1982, p 103 

4 Rodt HV, Thierfelder S, Eulitz M: Suppression of acute 
secondary disease by heterologous anti-brain serum. Blut 25:385, 
1972 

5. Rodt H, Thierfelder S, Eulitz M Anti-lymphocytic antibodies 
and marrow transplantation. III. Effect of heterologous anti-brain 
antibodies on acute secondary disease 1n mice. Eur J Immunol 4.25, 
1974 

6 Kolb HJ, Rieder I, Rodt H, Netzel B, Grosse-Wilde H, Scholz 
S, Schiffer E, Kolb E, Thierfelder S: Anti-lymphocytic antibodies 
and marrow transplantation VI Graft-versus-host tolerance in 
DLA-incompatible dogs following ‘in vitro’ treatment of bone mar- 
row with absorbed antithymocyte globulin. Transplantation 27:242, 
1979 


7. Martin PJ, Hansen JA, Thomas ED: Preincubation of donor 
bone marrow cells with a combination of murine monoclonal anti- 
T-cell antibodies without complement does not prevent graft- 
versus-host disease after allogeneic marrow transplantation. J Clin 
Immunol 4.18, 1984 

8. Thierfelder S, Hoffmann-Fezer G, Rodt H, Cobbold SP, 
Waldmann H: Influence of isotype on suppression of GVH with 
anti-Thy-1. Exp Hematol 12:373, 1984 (abstr) 

9. Thierfelder S, Cobbold SP, Kummer U, Waldmann H, Schuh 
R: Antilymphocytic antibodies and marrow transplantation. VII 
Two out of nine monoclonal anti-Thy-1 antibodies used for pretreat- 
ment of donor marrow suppressed graft-versus-host reactions with- 
out added complement Exp Hematol 13:948, 1985 

10. Ledbetter JA, Rouse RV, Micklem HS, Herzenberg LA. T 
cell subsets defined by expression of Lyt 1, 2, 3 and Thy-1 antigens. 
Two parameter immunofluorescence and cytotoxicity analysis with 
monoclonal antibodies modifies current views. J Exp Med 152:280, 
1980 

11. Cobbold SP, Thierfelder S, Waldmann H: Immunosuppres- 
sion with monoclonal antibodies. A model to determine the rules for 
effective serotherapy. Mol Biol Med 1:285, 1983 

12. Kummer U, Thierfelder S, Schuh R: Not only complement 
fixation but also complement affinity of monoclonal anti-T greatly 
affect the suppression of GVHD. Exp Hematol 13.352, 1985 (abstr) 

13. Mittal KK, Mickey MR, Singal DP, Terasaki PI: Serotyping 
for homotransplantation. XVIII. Refinement of microdroplet lym- 
phocyte cytotoxicity. Transplantation 6:913, 1968 


824 


14. Jerne D, Nordin AA: Plaque formation in agar by single 
antibody-producing cells Science 140:405, 1963 

15. Dresser DW, Wortis HH: Use of an antiglobulin serum to 
detect cells producing antibody with low haemolytic efficiency. 
Nature 208.859, 1965 

16. Bazin H: Production of rat monoclonal antibodies with the 
Lou rat non-secreting IR983F myeloma cell line. Prot Biol Fluids 
29.615, 1982 

17 Marshak-Rotstein A, Fink P, Gridley T, Raulet DH, Bevan 
MJ, Gefter ML: Properties and application on monoclonal antibod- 
les directed against determinants of the Thy-1 locus. J Immunol 
122.2491, 1979 

18. Opitz HG, Opitz U, Hewlett G, Schlumberger HD A new 
model for investigations of T-cell functions in mice: Differential 
immunosuppressive effects of two monoclonal anti-Thy-1.2 antibod- 
ies. Immunobiology 160:438, 1982 

19. Rodt H, Thierfelder S, Thiel E, Götze D, Netzel B, Huhn D, 
Eulitz M: Identification and quantitation of human T-cell antigen by 
antisera purified from antibodies crossreacting with hemoporetic 
progenitors and other blood cells Immunogenetics 2.411, 1975 

20. Cooper NR: The clinical complement pathway: Activation 
and regulation on the first complement component, in Dixon FJ (ed): 
Advances 1n Immunology, vol 37. Orlando, Fla, Academic Press, 
1985, p 151 

21 Zubler RH, Lange G, Lambert PH, Miescher PA: Detection 
of immune complexes in unheated sera by a modified '5[.Clq 
binding test. Effect of heating on the binding of Clq by immune 
complexes and application of the test to systemic lupus erythemato- 
sus J Immunol 116:232, 1976 

22. Kummer U, Thiel E, Doxiadis I, Eulitz M, Sladoljev S, 
Thierfelder S. Tritium radiolabeling of antibodies to high specific 
activity with N-succinimidyl (2,3-°H) propionate Use in detecting 
monoclonal antibodies. J Immunol Methods 42:367, 1981 

23. Reif AE, Allen JM: Mouse thymic Iso-antigens. Nature 
209:521, 1966 

24. Hughes-Jones NC, Gorick BD, Howard JC: The mechanism 


THIERFELDER ET AL 


of synergistic complement mediated lysis of rat red cells by mono- 
clonal IgG antibodies. Eur J Immunol 13:635, 1983 

25. Knobel HR, Villiger W, Isliker H. Chemical analysis and 
electron microscopy studies of human Clq prepared by different 
methods. Eur J Immunol 5 78, 1975 

26. Hamilton BL, Harris D: Prevention of graft-versus-host 
disease using antibody to Thy-!. A role for complement in vivo 
Transplantation 40:90, 1985 

27. Hale G, Clark M, Waldmann H. Therapeutic potential of rat 
monoclonal antibodies: Isotype specificity of antibody-dependent 
cell-mediated cytotoxicity with human lymphocytes. J Immunol 
134:3056, 1985 

28. Denkers EY, Badger CC. Ledbetter JA, Bernstein ID: 
Influence of antibody isotype on passive serotherapy of lymphoma. J 
Immunol 135:2183, 1985 

29. Heinz HP, Dlugonska H, Rüde E, Loos H. Monoclonal 
anti-mouse macrophage antibodies recognize the globular proteins 
of Clq, a subsequent of the first component of complement. J 
Immunol 133:400, 1984 

30. Williams DE, Boswell HS, Floyd AD, Broxmeyer HE. Pluri- 
potential hematopoietic stem cells in post-5-fluorouracil murine 
bone marrow express the Thy-1 antigen. Immunology 135.1004, 
1985 

31. Möller, G (ed): MHC Restriction on Anti-Viral Immunity. 
Immunological Reviews, vol 58. Copenhagen, Munksgaard, 1981 

32. Zinkernagel RM, Callahan GN, Althage A, Cooper S, Strei- 
lein JW, Klein J: The lymphoreticular system in triggering virus plus 
self-specific cytotoxic T cells: Evidence for T help. J Exp Med 
147:897, 1978 

33 Zinkernagel RM, Callahan GN, Althage A, Cooper J, Klein 
PA, Klein J: On the thymus in the differentiation of “H-2 self- 
recognition" by T cells: Evidence for dual recognition. J Exp Med 
147:882, 1978 

34. Wagner H, Róllinghoff M, Rodt H, Thierfelder S: T cell- 
mediated cytotoxic immune responsiveness of chimeric mice bearing 
a thymus graft fully allogenic to the graft of lymphoid stem cells. 
Eur J Immunol 10:521, 1980 


Prostacyclin Expression by a Continuous Human Cell Line Derived From 
Vascular Endothelium 


By Joseph E. Suggs, Michael C. Madden, Mitchell Friedman, and Cora-Jean S. Edgell 


Prostacyclin is primarily an endothelial cell product. It 
contributes to the important role of endothelium in main- 
taining the fluidity of blood by inhibiting platelet aggrega- 
tion and by promoting vasodilation. Endothelial cells in 
culture tend to senesce, and the level of prostacyclin 


RACHIDONIC ACID metabolites are autacoids that 
modulate cellular functions near the site at which they 
are produced. These structurally related metabolites have a 
wide range of physiological effects, some of which oppose 
others. Two arachidonic acid metabolites affect platelet 
aggregation at a site of vascular injury. Aggregation is 
promoted by platelet thromboxane A,,” but it is limited by 
prostacyclin produced by endothelial cells.** Thrombin 
induces prostacyclin production by endothelial cells? and 
these cells can also convert precursors released by aggre- 
gated platelets to prostacyclin.® Thrombosis may thus be 
limited by prostacyclin from downstream endothelial cells. 
Prostacyclin is the major prostaglandin produced by endo- 
thelial cells; relatively, they produce much more of this 
eicosanoid than do other cell types.^? The cell type-specific 
synthesis and the short half-life of prostacyclin” contribute 
to the locational control of its effects. 

In addition to inhibiting platelet aggregation, prostacyclin 
acts as a potent vasodilator by causing a relaxation response 
in vascular smooth muscle.'"? Agents such as angiotensin II, 
bradykinin, histamine, and thrombin can stimulate endothe- 
lial cells to produce prostacyclin.? ^ Thus, the endothelial 
cell lining of the vascular system facilitates blood flow by 
prostacyclin-mediated vasodilation as well as by prevention 
of excessive platelet aggregation. 

The study of prostacyclin synthesis and regulation in 
isolated endothelial cells is hindered by the limited replica- 
tion potential of these cells and their tendency to senesce in 
culture with the production of prostacyclin deteriorating in 
subcultures '*!? Therefore, the potential for sustained 
expression of prostacyclin by a permanent cell line derived 
from human umbilical vein endothelial cells (HUV-EC) was 
investigated. This cell line, EA.hy 926," is a hybrid resulting 
from fusion of primary endothelial cells with cells selected 
from the continuous human line A549.? The EA. hy 926 line 
represents cells that were clonally isolated following hybrid- 
ization and subcloned again at passage 35. Since subcloning, 
the cells have been passaged at least 30 times more. The cells 
sustain expression of many differentiated functions of endo- 
thelium after exceeding 200 cumulative population dou- 
blings in culture. These functions include von Willebrand 
factor,'®”° thrombomodulin,? and tissue plasminogen activa- 
tor.” Data presented here demonstrate that this cell line also 
produces basal levels of prostacyclin and responds to physio- 
logical stimulation to produce higher levels. 


METHODS 


Cell culture. EA.hy 926 cells were grown in Dulbecco's modi- 
fied Eagle's medium (DMEM) supplemented with 10% fetal bovine 
serum, penicillin at 100 U/mL, streptomycin at 100 ug/mL, and in 
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expression decreases. A permanent human cell line, EA.hy 
926, derived from a fusion of primary endothelial cells with 
cells of a less differentiated line, has been found to sustain 
basal and stimulated levels of prostacyclin synthesis. 

o 1986 by Grune & Stratton, Inc. 


the presence of HAT (100 umol/L of hypoxanthine, 0.4 umol/L of 
aminopterin, 16 umol/L of thymidine). These cells were generally 
subcultured weekly at a relative cell density of 1.20 The EA.hy 926 
cells used in these studies had been passed more than 60 times. 

4549/8, one of the progenitor strains of the EA hy 926 line, is a 
thioguanine-resistant strain” selected from the human lung adeno- 
carcinoma line established by Lieber and co-workers.'? It was grown 
in RPMI 1640 supplemented with 7% Nu-Serum (Collaborative 
Research, Bedford, Mass), penicillin at 100 U/mL, streptomycin at 
100 ug/mL, and in the presence of 0.1 umol/L of thioguanine. 

HUV-EC were isolated as described by Gimbrone?^ and grown in 
RPMI 1640 supplemented with 15% fetal bovine serum, bovine 
hypothalamus extract,?? penicillin at 100 U/mL and streptomycin at 
10 pg/mL Unpassaged cultures of HUV-EC were used ın these 
studies for comparison with the EA.hy 926 cell line. 

Sample preparation and radioimmunoassay Confluent cell 
layers in multiwell plates were rinsed twice with unsupplemented 
RPMI 1640 medium 48 to 72 hours after the previous change of 
serum-containing culture medium and were then incubated in 
RPMI 1640 at 0.2 mL/cm? After 1 hour, the medium samples were 
collected from each culture to represent its basal level of prostacyclin 
production. Bovine thrombin (Parke-Davis, Morris Plains, NJ, 
NDC 0071-1356-01) was then added to each culture at 0.5 U/mL in 
RPMI 1640, and samples were collected after a 5-minute incubation 
to represent the level of prostaglandins released by stimulated cells 
All samples were centrifuged to remove cellular debris, and stored at 
— 70 °C for immunological analysis 

A radioimmunoassay (RIA) method (New England Nuclear, 
Boston) was used to assess levels of prostacyclin 1n these samples as 
6-keto-PGF,,, the stable derivative. The RIA uses *H-labeled 6- 
keto-PGF,;, and was capable of distinguishing between standards of 
5 pg/100 mL and 10 pg/100 mL. After the culture supernatant 
samples were removed, the protein contents of cell layers were 
determined so that results from cell lines that grow to different cell 
densities could be normalized in terms of protein mass. Trypsinized 
cells were lysed in water, and the protein content was measured by 
the Bradford assay.” 
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Table 1. Prostacyclin Production by Three Cell Types 





Basal 
Cell Line 
HUV-EC (n = 4) 925-201 
EA hy 926 (n = 6) 3.99 + 128 
A549/8 (n = 6) 053 + 0.13 


(ng 6 keto-PGF,, per mg protein) 


Stimulated Ratio 


Stimulated/Basal 








1,642 + 330 177 
251 + 63 63 
S 6 








These radioimmunoassay (RIA) data represent the amounts of prostacyclin produced in 1 hour under basal conditions divided by 12 (or amounts per 5 
minutes) and the amounts produced within 5 minutes after adding thrombin. The mean level + the SD for a number (n) of parallel cultures is presented for 
each cell type The human umbilical cord endothelial cells (HUV-EC) were primary cultures derived from a single umbilical cord; the EA.hy 926 cultures 


were from passage 67 


High-performance liquid chromatography (HPLC) analy- 
sts To radiolabel arachidonic acid metabolites for detection fol- 
lowing HPLC fractionation, rinsed 25-cm? monolayers were incu- 
bated in the presence of 5 uCi of ?H-arachidonic acid at 50 Ci/mmol 
(New England Nuclear) in 5 mL of RPMI 1640. After 19 hours, the 
exogenous arachidonic acid solution was removed, the cultures were 
rinsed twice, and fresh RPMI 1640 was added. This medium was 
collected after 1 hour to represent the basal production of arachi- 
donic acid metabolites. It was replaced with 5 mL of RPMI 1640 
containing 0.5 U/mL of thrombin, which was collected after 5 
minutes to represent the arachidonic acid metabolites produced by 
stimulated cells 

For HPLC fractionation, the arachidonic acid metabolites were 
extracted from RPMI 1640 into organic solvents. The RPMI 1640 
samples were first adjusted to pH 3.5 with 9% formic acid, then 
extracted with 2 vol of cyclohexane/ethyl acetate (1:1), followed by 
2 vol of ethyl acetate. The combine extracts of each sample were 
evaporated in a stream of nitrogen at 45 °C, and the residue was 
dissolved in methanol 200 uL/25 cm? of confluent cells. Recovery of 
radiolabeled 6-keto-PGF,, through this extraction procedure was 
94%. 

Arachidonic acid metabolites were fractionated by the HPLC 
method of VanRollins and colleagues? using a column of Altex 5-um 
Ultrasphere ODS particles and a gradient of acetonitrile in aqueous 
phosphoric acid pH 2 for elution Each injected sample was 150 uL 
of the extract dissolved in methanol Fractions containing ?H-labeled 
metabolites were detected by scintillation counting The components 
were identified by comparing their elution volumes with those of 
purified standards chromatographed separately and detected by 
ultraviolet (UV) abosrbance 


RESULTS 


EA.hy 926 cells were found to produce relatively high 
levels of prostacyclin as determined by the RIA data shown 


in Table 1. The results per mass of cell protein are presented 
for the purpose of comparing the hybrid cell line with its two 
progenitor cell types, all of which have different cell sizes and 
culture densities at confluence. Under basal conditions, the 
hybrid cells produced much more prostacyclin than A549/8 
cells, although less than primary cultures of HUV-EC. The 
EA.hy 926 cells also responded strongly to thrombin stimula- 
tion to produce 63-fold more prostacyclin. The response of 
HUV-EC was even stronger than that of the hybrid cells, but 
the response of A549/8 cells was much weaker. 

The HPLC method also demonstrated that the 6-keto- 
PGF,, prostacyclin derivative was a product of EA.hy 926 
cells, as shown in Fig 1. The amount produced under basal 
conditions was substantially increased by thrombin stimula- 
tion. Low levels of certain other products of the cyclooxygen- 
ase pathway were also detectable in samples from EA.hy 926 
cells and from HUV-EC cells, but the stable prostacyclin 
derivative was the major component. As expected, primary 
cultures of HUV-EC produced even more prostacyclin, but 
even with stimulation A549/8 cells did not produce levels 
detectable by this method. 

Prostacyclin release by EA.hy 926 cells could be stimu- 
lated by melittin and by arachidonic acid as well as by 
thrombin. When cells that had been stimulated with 20 
mmol/L of arachidonic acid were washed and then restimu- 
lated within 15 minutes, the amount of prostacyclin released 
was only 55% of that released at the initial stimulation. 
Dejana and colleagues? and others have shown that cells are 
refractory to restimulation for several hours and have sug- 
gested that cyclooxygenase may be irreversibly inactivated 
by arachidonic acid metabolism. 


Table 2. Prostacyclin Production by Different Cell Types in Culture 








Cell Type 6-keto-PGF,, Species Anatomic Source Reference 
Endothelium 1.47ng/ 10? cells/h Cow Pulmonary artery 30 
Endothelium 20 ng/ 10? cells/h* Cow Pulmonary artery 31 
Smooth muscle 0.175 ng/10* cells/h* Rabbit Pulmonary artery 
Fibroblastic O 085 ng/ 10? cells/h* Human Embryonic lung 
Epithelium 0.175 ng/ 10° cells/h* Rat Prostate 
Endothelium 8.8 ng/10° cells/h Human Umbilical vein 6 
Endothelium 14.4 ng/10° cells/h Human Umbilical vein 32 

29 2 ng/10* cells/h Pulmonary vein 

21 6 ng/10* cells/h Pulmonary artery 
Endothelium 27 ng/ 10? cells/h Pig Aorta 33 
Endothelium 8 4 ng/ 10? cells/h Cow Aorta 34 
Smooth muscle O 5 ng/ 10? cells/h Rabbit Aorta 35 
Macrophage 0.035 ng/10* cells/h Mouse Peritoneum 








Published values for the amount of prostacyclin derivative measured in medium from several cell types isoleted from various species 
*Data from this reference were converted to comparable units by assuming the use of 5 mL of medium per 20-cm culture dish. 


PG1, EXPRESSION BY CONTINUOUS CELL LINE 


827 





Basal Stimulated 
EA.hy 926 
o 
eo 
o 
o 
o 
T 
6-keto PGF1, 6-keto PGF), 
z 1 1 
o 
N 
" usu s E Re fence cdd 
HUV-EC 
o 
o 
o 
o 
o 
r 
ul 
— 
D0 
ze PGFog PGF5, HHT 
x à; TxB2 ! PGE» l 
7 i E EE MEE HORE REN Kd 
ul 
a 
o 
wo 
z 
z A 54 9/8 
o ——— 
Oo 
o 
o 
o 
eo 
r 
o 
o 
N 
o 
0 20 40 60 80 100 0 20 40 60 60 100 
RETENTION TIME. minutes 
Fig 1. Chromatographic identification of arachidonic acid metabolites generated by three different cell types under basal and 


thrombin-stimulated conditions. Culture supernatants were extracted and analyzed by high-pressure liquid chromatography (HPLC) 
following incorporation of *H-arachidonic acid by confluent cultures of each cell line. The elution positions of purified standards are 


indicated. 


DISCUSSION 

It is clear that the premanent EA.hy 926 cells have 
retained the capacity to produce prostacyclin in a range close 
to that produced by HUV-EC in primary cultures. This trait 
is presumably inherited from the endothelial cell progenitor 
of the hybrid cell line; thus, prostacyclin expression has been 
sustained in the EA.hy 926 line for hundreds of cell genera- 
tions. Although the levels of prostacyclin fluctuated when 
measured on different occasions, no consistent trend was 


detectable in the results of various experiments performed 
with the hybrid line over a 6-month interval. The amount of 
prostacyclin released by HUV-EC also varied from one 
primary culture to another, and other researchers have noted 
variability among parallel cultures of the same HUV-EC 
preparation." The EAhy 926 cells are like HUV-EC in this 
respect. The variability may reflect conditions that are not 
well controlled by conventional cell culture methods. In 
contrast to EA.hy 926 cells and HUV-EC, the A549/8 cells 
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produced relatively very little prostacyclin under basal or 
stimulated conditions, as expected for most nonendothelial 
cell types. Data from several investigators have indicated 
that substantial levels of prostacyclin production is a rela- 
tively specialized property of endothelial cells, although 
there is variability in the results from different laboratories 
and from different species. Some of these data are summa- 
rized in Table 2. In comparable units, the EA.hy 926 cells 
produce the prostacyclin derivative at a basal level of 1 to 4 
ng/10$ cells per hour. 

In addition to prostacyclin, endothelial cells produce other 
arachidonic acid metabolites, the spectrum of which is 
relatively specific for this cell type. Some of these metabo- 
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lites can be identified in the HPLC analyses, as indicated in 
Fig 1. PGF, and HHT are common to stimulated EA.hy 926 
cells and HUV-EC, but not detectable in medium from 
nonendothelial cell type A549/8. Additional similarities 
were observed between primary HUV-EC and EA.hy 926 
cells in contrast to A549/8 cells in the regions of the 
chromatograms where the hydroxyeicosatetraenoic acids 
(HETEs) elute (data not shown). 

The vigorous growth, unlimited replication potential, and 
clonal purity of the human endothelial cell-derived EA.hy 
926 line could facilitate studies of the pathways and regula- 
tion of prostacyclin biosynthesis. 
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Corticosteroids Reversibly Inhibit Chemotactic Peptide-Receptor Binding and 
Granulocyte Response, yet Allow Desensitization and Receptor Down-Regulation 


By Keith M. Skubitz and Dale E. Hammerschmidt 


Inhibition of complement-mediated granulocyte aggrega- 
tion has recently been proposed as a mechanism of action 
of high-dose corticosteroids in shock states. Such inhibi- 
tion may be effected through alteration of receptor func- 
tion. Methylprednisolone inhibits binding of the synthetic 
chemotaxin f-methionine-leucine-phenylalanine (FMLP) to 
its surface receptor on granulocytes in a dose-dependent 
manner by slowing the association rate of the FMLP- 
receptor interaction without altering receptor number. 
Because the half-life of high-dose methylprednisolone in 
vivo is short, we examined the reversibility of its effects on 
granulocyte aggregation and receptor function; both 
effects were readily reversed by washing. Furthermore, 
methylprednisolone, at concentrations that profoundly 
inhibited the granulocyte aggregation response to FMLP, 


ECENT EVIDENCE has suggested that complement- 
stimulated granulocytes are important in the patho- 
genesis of a variety of clinical disorders, including the adult 
respiratory distress syndrome, "^ the vasculitis of cholesterol 
embolization syndrome,’ hemodialysis neutropenia,’ and 
myocardial infarction. High-dose corticosteroids inhibit 
granulocyte responses to activated complement in vitro and 
in vivo, ^? and this inhibition may explain in part the 
reported efficacy of high-dose corticosteroids in the adult 
respiratory distress syndrome, experimental endotoxic shock, 
and myocardial infarction. 7? High-dose corticosteroid 
therapy has been tried in other diseases as well, such as 
rheumatoid arthritis and idiopathic rapidly progressive 
glomerulonephritis, and further trials are being contem- 
plated.?*”° We have also shown that high-dose corticoste- 
roids inhibit the binding of the synthetic chemotaxin N- 
formyl-met-leu-phe (FMLP) to its specific receptor on the 
granulocyte surface, and suggested that this inhibition may 
be a mechanism of the effect of high-dose corticosteroids on 
granulocyte responses to chemotactic stimuli." Although its 
receptor is distinct from that of the chemotactic complement 
fragment, C5a,? FMLP mimics many of the effects of 
activated complement, including chemotaxis and aggrega- 
tion of granulocytes, and in vivo induction of neutropenia.?”” 
Furthermore, FMLP-induced granulocyte aggregation 1s 
inhibited by the same concentrations of corticosteroids as 
inhibit C5a-induced aggregation.! 
The plasma half-life of high-dose corticosteroids is quite 
short,2539?! and other researchers have reported no alteration 
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allowed the occurrence of FMLP-receptor down-regulation 
and granulocyte desensitization to further stimulation by 
FMLP. We conclude that methylprednisolone at concentra- 
tions that inhibit granulocyte aggregation can slow the rate 
of the FMLP-receptor interaction while simultaneously 
allowing receptor down-regulation and granulocyte desen- 
sitization to proceed. Transient blockade of granulocyte 
function with concomitant desensitization and receptor 
down-regulation may be important in the clinical effects of 
very high-dose corticosteroids such as are administered in 
shock and could partially explain how drugs with such 
short half-lives administered intermittently could exert a 
beneficial effect in shock states. Similar observations may 
hold for other physiologic stimuli. 

© 1986 by Grune & Stratton, Inc. 


in granulocyte function following pulse methylprednisolone 
sodium succinate (MP) therapy in vivo.? We therefore 
tested the reversibility of the effects of MP on granulocyte 
aggregation and FMLP receptor function and found that 
corticosteroid-induced inhibition of receptor function and 
granulocyte aggregation could be reversed by washing. We 
next questioned whether methylprednisolone might be capa- 
ble of altering the kinetics of the stimulus/receptor interac- 
tion, thereby inhibiting the granulocyte response to stimula- 
tion, yet allowing a slow increase in receptor occupancy with 
resulting down-regulation/desensitization of the cell to fur- 
ther stimulus following removal of the drug. We found that 
methylprednisolone was capable of simultaneously inhibiting 
granulocyte response to FMLP, while decreasing the rate of 
FMLP binding, yet allowing receptor down-regulation and 
granulocyte desensitization. 


METHODS 


Cell preparation Granulocytes were prepared from heparinized 
human venous blood by the previously described modification of the 
method of Boyum 5? Cells were suspended at appropriate concen- 
trations in Hanks' balanced salt solution (HBSS), pH 7.4, (M. A 
Bioproducts, Bethesda, Md); HBSS containing 5 mg/mL of bovine 
serum albumin (Sigma, St. Louis) (HBSS-BSA); or in HBSS 
containing 5 mg/mL of human serum albumin (Cutter Brologicals, 
Berkeley, Calif) (HBSS-HSA). Differential cell counts performed 
on Wright's stained cells revealed greater than 95% polymorphonu- 
clear cells (PMNs) 

Preparation of solutions. Preservative and filler-free MP were 
kindly provided by the Upjohn' Company (Kalamazoo, Mich) and 
dissolved in isotonic phosphate-buffered saline (PBS), pH 7 4 

FMLP (Peninsula Laboratories, Inc, San Carlos, Calif) was 
dissolved 1n dimethylsulfoxide (DMSO) at 10 mmol/L, diluted in 
PBS to 1 mmol/L, and stored at —70 °C in aliquots until use 

Zymosan-activated plasma (ZAP) was prepared as previously 
described$ by incubating 2 mg of zymosan per milliliter of heparin- 
ized (1 U/mL) human plasma for 30 minutes at 37 °C, followed by 
removal of zymosan by centrifugation at 10,000 g for 30 minutes at 4 
°C Aliquots were stored at —70 °C until use. 

Disodium succinate (Sigma), and ?H-FMLP (specific activity 
56.9 Ci/mmol, New England Nuclear, Boston) were dissolved in 
PBS at appropriate concentrations 

Kinetic analysis of the FMLP receptor interaction Although 
the relationships between the kinetics of interaction of ligands and 
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cell-bound receptors as compared with the interaction of ligands and 
solubilized molecules may be quite complex, it is possible to obtain 
useful information using live cells. Analysis of equilibrium 
binding of FMLP receptors was determined as described by Wil- 
liams and colleagues with minor modifications ? Cells were sus- 
pended in phosphate-buffered saline (PBS) containing 0.5 mg/mL 
of BSA (PBS-BSA) at 5 to 10 x 10? cells/mL One hundred 
microliters of cell suspension was mixed with 17 uL of corticosteroid 
or PBS and incubated for 2 minutes at 22 ?C, the cells were then 
cooled to 4 °C and added to 35 uL of various concentrations of 
3H-FMLP and 15 uL of either PBS or 10~* mol/L of unlabeled 
FMLP in a 12 x 75-mm polypropylene tube and incubated at 37 °C 
or 4 °C as indicated for 20 minutes with occasional shaking. Each 
sample was then mixed with 3 mL of 0 °C PBS-BSA and filtered 
through a Whatman GF/C filter, and the retentate was washed with 
12 mL of 0 °C PBS-BSA. Filters were then dried, added to 6 mL of 
Aquasol-2 (New England Nuclear) and counted in a Beckman 
scintillation counter Unless otherwise specified, all data are 
expressed as specific binding (binding of ?H-FMLP in buffer minus 
binding of ?H-FMLP ın the presence of 107? mol/L of unlabeled 
FMLP). Nonspecific binding, defined as the amount of ?H-FMLP 
binding observed in the presence of 107? mol/L of unlabeled FMLP, 
ranged from 5% to 18% of the total amount of 7H-FMLP bound and 
was <10% of the total 7H-FMLP binding in most experiments. Time 
course experiments revealed specific ?H-FMLP binding to whole 
cells at 4°C plateaued by 20 minutes. Equilibrium binding data 
were analyzed by the method of Scatchard? where 
B/F = B,K,, — BK and B = concentration of bound ?H-FMLP, 
B, = total receptor concentration, and F = free ?H-FMLP concen- 
tration. 

Dissociation kinetics were determined as previously described. 
Cells, (5 x 10 cells/mL) were incubated with receptor-saturating 
concentrations of *H-FMLP in HBSS at 4 °C for 20 minutes. A large 
excess of unlabeled FMLP or MP (final concentration 5 mg/mL) 
was then added in a small volume at t — 0, at various time intervals, 
aliquots were taken, filtered through a Whatman GF/C filter, 
washed with cold HBSS-BSA, and the filters were counted as 
described above Simultaneous controls were performed in the 
presence of excess unlabeled FMLP to measure nonspecific bind- 
ing.” The resulting specific dpm were calculated and the concentra- 
tion of cell-bound ?H-FMLP was analyzed assuming the relation- 
ship: 


RF 





R+F or d/dt [RF] = -K [RF], 

where [RF] = the concentration of bound receptor--H-FMLP 
complex, [R] = the free receptor concentration, and [F] = the free 
3H-FMLP concentration.” 

Association kinetics were determined as described." Cells were 
incubated in HBSS 1n the presence or absence of 0.125 mg/mL of 
MP for 2 minutes at 22 °C; the cells were then cooled to 4 °C, and 
3H-FMLP was then added to the extent that the initial 7H-FMLP 
concentration was at least 10 times the initial concentration of 
receptor sites (determined by equilibrium binding in the presence of 
excess 7H-FMLP.) At various time intervals, samples were removed, 
filtered, washed, and counted as described above Although simulta- 
neous experiments were performed in the presence of excess unla- 
beled FMLP to determine nonspecific binding, this correction was 
insignificant in most association experiments. The resulting dpm 
bound were calculated, and the concentrations of bound and free 
3H-FMLP were analyzed assuming the relationship. 


R+ rE RF or d/dt [RF] = k [R] [F] — k, [RF], 


831 


where [R] = the free receptor concentration and [F] = the free 
3H-FMLP concentration. Because k, « k, in this system, we may 
ignore the dissociation reaction during the brief time course of these 
experiments. To confirm that the reaction followed second-order 
kinetics, several experiments were also analyzed using the general 
solution for the second-order reaction: d/dt [In ([R;] — [RF])/ 
([F.] — [RF])] = k ([R,] — [RFD, where [F,] = the initial 
concentration of ?H-FMLP and [R,] = the initial receptor concen- 
tration.79* When [F,] > [R,], we may analyze this reaction as one of 
pseudo-first-order kinetics, that ıs: d/dt [RF] = kr [F,][R]. Inte- 
grating, this becomes: In ([R;] — [RF]) = In ([R;]/[F,]) — K[F,lt 
or d/dt [In([R,] — [RF])] = —k[F.].” 

Granulocyte aggregation Granulocyte aggregation was per- 
formed as previously described.$ Fifty microliters of ZAP or FMLP, 
in PBS, was added to 450 uL of a granulocyte suspension (1.1 x 10’ 
cells/mL in HBSS-HSA) containing the indicated concentration of 
MP, which was being stirred at 37 °C at 900 rpm ın a Payton 300B 
aggregometer/recorder system (Payton Associates, Buffalo). The 
resulting light transmittance was recorded on a stripchart recorder. 
The state of granulocyte aggregation was also confirmed by light 
microscopy of aliquots taken from the aggregometer 

Chemotaxis. Cell migration was assayed under agarose using 
the technique of Nelson and co-workers. Cells were allowed to 
migrate toward the stimulus for 2 hours in a CO, incubator at 37 °C 
to various concentrations of FMLP as indicated. 

Reversal of inhibition Granulocytes (10! per mulhliter in 
HBSS-HSA) were exposed to the indicated concentration of MP or 
PBS for 2 or 10 minutes as indicated at 22 °C and then washed by 
addition of 10 mL of ice-cold HBSS-BSA and centrifugation at 400 
g for 5 minutes. This wash procedure was repeated as indicated, and 
the cells were then resuspended to an appropriate volume in HBSS 
or HBSS-BSA. 

Receptor down-regulation and granulocyte desensitiza- 
tion. Granulocytes (1.25 x 107") were suspended in 5 mL of 
HBSS-HSA containing MP at the concentrations indicated The 
mixtures were incubated at 22 °C for 2 minutes, and FMLP (10? 
mol/L in PBS) was then added to a final concentration of 1075 
mol/L The cells were incubated at 22 °C for 20 minutes and then 
washed by the addition of 45 mL of 0 °C PBS-HSA containing the 
same concentration of MP as the incubation mixture and centrifuga- 
tion at 400 g for 6 minutes They were then washed three more times 
as described above: twice the PBS-HSA, then once with HBSS- 
HSA. The cells were then suspended in HBSS-HSA at the desired 
concentration prior to assay. All wash procedures were performed at 
0°C. 


RESULTS 


Equilibrium FMLP binding. As previously described, 
MP inhibited, ın a dose-dependent manner, FMLP binding 
to the granulocyte surface, whereas sodium succinate alone 
had no effect.” Examination of 7H-FMLP binding at varying 
3H-FMLP concentrations, in the presence and absence of 
0.125 mg/mL of MP, revealed no decrease in the number of 
surface FMLP receptors in the presence of drug (Fig 1). 
MP reduced the apparent equilibrium binding constant 
by ~70% (Fig 1). The receptor affinity and receptor 
number observed here are similar to those previously 
reported. MP reduced binding with a similar dose 
response at 22 °C as at 4 °C (data not shown) 7^! 

Kinetics of FMLP binding. The dissociation rate con- 
stant for the peptide—receptor interaction, k,, was determined 
in the presence of excess unlabeled FMLP and in the 
presence of 5 mg/mL of MP (data not shown). As previously 
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Fig 1. Methylprednisolone decreases the affinity of the f- 
methionine-leucine-phenylalanine (FMLP) receptor interaction 
without altering the number of receptors expressed on the poly- 
morphonuclear cell (PMN) surface. Specific *H-FMLP binding to 
human neutrophils at varying *H-FMLP concentrations at 0 °C in 
the absence (—@—) and presence of 0.125 mg/mL of methylpred- 
nisolone sodium succinate (MP) (—O—). Data are plotted according 
to Scatchard as (B/F) v (B) in dpm per 5 x 10* cells, where B — 
concentration of receptor bound ?H-FMLP and F = concentration 
of free *H-FMLP. Correlation coefficients were 0.967 (control) and 
0.964 (MP). The derived K,,, were 2.5 x 10" mol/L^' (control) and 
9.2 x 10° mol/L^' (MP). The derived numbers of receptors per cell 
were 29,400 (control) and 28,000 (MP). Each point represents the 
mean of triplicate determinations. A duplicate experiment gave 
similar results. 


reported, ?? not all bound ?H-FMLP dissociated rapidly 
from the cell, possibly representing internalization of pep- 
tide, which is known to occur at 22 °C. Much larger 
fractions of radiolabel remained cell-associated when such 
experiments were performed at 37 °C (data not shown), as 
. has also been reported.?”°5*2“3546 When the initial portion of 
the dissociation curve was corrected by subtraction of the 
amount of nondissociating *H-FMLP, ~85% of the total 
3H-FMLP bound prior to the addition of unlabeled FMLP 
dissociated with an apparent k, of 1 x 107? s~'. The time 
course of receptor-ligand dissociation following the addition 
of excess unlabeled FMLP was approximately the same as 
that observed following addition of MP to a final concentra- 
tion of 5 mg/mL. The observed k, (means of two separate 
experiments) was 1.2 x 107? s^! in the presence of excess 
unlabeled FMLP. These values of k, are comparable with 
those observed for the structurally similar chemotactic pep- 
tide N-formyl-norleucyl-leucyl-phenylalanine, to its receptor 
on rabbit neutrophils.” Analysis of association data was 
performed under conditions yielding pseudo-first-order 
kinetics in the presence of a tenfold excess concentration of 
peptide over receptor." As previously reported, MP 
decreased k, from ~2.3 x 10° (+ 0.4) (SD) L/mol-s to 
~0.8 x 10° L/mol-s. 

Reversibility of inhibitor effect. When granulocytes 
were incubated with 2 mg/mL of MP and then washed three 
times with HBSS-BSA, the inhibition of aggregation as well 
as the blockade of FMLP binding were both reversed (Figs 2 
and 3). Granulocyte aggregation induced by FMLP (Fig 2) 
or by activated complement (not shown) was inhibited by 2 
mg/mL of MP, as previously described.! When these cells 
were washed three times in HBSS-BSA to remove the drug, 
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the addition of FMLP to a stirred suspension of granulocytes 
in an aggregometer produced a wave of aggregation like that 
of control granulocytes not exposed to drug (Fig 2). 

FMLP binding to granulocytes was markedly inhibited by 
1.5 mg/mL of MP. When these granulocytes were incubated 
with drug for 2 minutes at 22 ?C and then washed three times 
with PBS-BSA at 0 °C, FMLP binding was similar to that of 
control cells incubated with PBS (Fig 3). Similar reversibil- 
ity of drug effect occurred when cells were preincubated with 
drug for 30 minutes at 22 °C (data not shown). 

Down-regulation and desensitization. We next tested 
the effects of MP on FMLP receptor down-regulation and 
granulocyte desensitization. Neutrophils exposed to FMLP 
become desensitized to further stimulation with 
FMLP.?94*5! This desensitization is accompanied by a 
down-regulation of the number of receptors for FMLP 
present on the surface of the cells. We confirmed these 
observations by treating neutrophils with either PBS or MP 
for 2 minutes at 22 °C and then incubating the cells with 107$ 
mol/L of FMLP in the presence of drug or buffer. The cells 
were then washed as described in the Materials and Methods 
section, resuspended in HBSS-HSA, and tested for surface 


Drug-free control 


0 5 mg MP/mL, 
then washed 


0 5 mg HP/mL 


Light Transmission (erbitrery scale) 


1 min 


BE d 


FHLP Added 


Fig 2. Inhibition by methylprednisolone of f-methionine- 
leucine-phenylalanine (FML2)-induced granulocyte aggregation 
was reversed by washing. Typical granulocyte aggregation wave 
showing inhibition of aggregation in the presence of 2 mg/mL of 
MP; when cells previously exposed to 2 mg/mL of MP for 10 
minutes at 22 °C and then washed to remove MP were stimulated 
with 107? mol/L of FMLP, the resulting aggregation wave resem- 
bled that of untreated control cells. Change in light transmittance 
(AT) is plotted v time. As in previous studies, changes in light 
transmittance have been documented to accompany changes in 
aggregation state. 
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Fig 3. Inhibition by methylprednisolone of 3H-f-methionine- 


leucine-phenylalanine (FMLP) binding to granulocytes is reversed 
by washing. Granulocytes were incubated with phosphate- 
buffered saline (PBS) (O) or 1.5 mg/ml of MP (@) for 2 minutes at 
22 °C. initially, and after washing the cells 1, 2, or 3 times with 
ice-cold Hanks’ buffered salt solution-bovine serum albumin 
(HBSS-BSA|, the cells were again assayed for ?H-FMLP binding at 
O °C as described in the text. Specific *H-FMLP binding per cell is 
shown as percentage of binding observed initially in the absence of 
drug. *H-FMLP was 18 nmol, and there were 3 x 10° granulocytes 
per tube. Each point represents the mean + SD of triplicate 
samples. A duplicate experiment gave similar results. 


FMLP receptors and for aggregation in response to FMLP. 
As expected, neutrophils exposed to FMLP in the absence of 
drug demonstrated both desensitization and FMLP receptor 
down-regulation (Fig 4). Neutrophils exposed to FMLP in 
the presence of MP (Fig 4) also demonstrated receptor 
down-regulation and desensitization. These same concentra- 
tions of MP were shown in separate experiments to inhibit 
granulocyte aggregation markedly in response to 107" mol/L 
of FMLP, however (data not shown).!*? This observation 
was not limited to aggregation as shown in Table 1. Chemo- 
tactic desensitization also occurred under these same condi- 
tions. Methylprednisolone reversibly inhibited granulocyte 
chemotaxis in a dose-dependent manner. Cells preincubated 
with FMLP in the presence of MP and then washed were 
desensitized to further FMLP stimulation when response was 
measured by chemotaxis as well as by aggregation. 


DISCUSSION 


Corticosteroids are widely used for their antiinflammatory 
effects and have been suggested to be of benefit in various 
disorders, including endotoxic shock and the adult respira- 
tory distress syndrome. 1112182025555 These benefits, how- 
ever, have been reported to occur only when the drugs are 
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administered in doses much larger [eg, 30 mg/kg intrave- 
nously (IV) for MP] than those conventionally used to 
achieve an antiinflammatory effect. !7 55 

It would seem plausible that the effects of these drugs at 
such high doses might well be different from those observed 
with conventional low doses. We previously reported that 
such high concentrations of corticosteroids (0.1 to 1 mg/mL) 
inhibit binding of the chemotactic peptide FMLP to its 
receptor on the granulocyte surface and that the dose- 
response relationship of the inhibition of FMLP binding 
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Fig 4. Neutrophils exposed to f-methionine-leucine-phenylal- 
anine (FMLP) in the presence of methylprednisolone sodium succi- 
nate (MP) became ‘desensitized to further FMLP stimulation and 
down-regulated their surface FMLP receptors. Neutrophils were 
incubated in the presence of MP at the concentration indicated for 
2 minutes at 22 *C and subsequently for 20 minutes at 22 *C in the 
presence of the same concentration of MP in addition to 107^ 
mol/L of FMLP (hatched bars) or buffer (open bars). The cells were 
washed and assayed for surface FMLP receptors and aggregation 
response to 1077 mol/L of FMLP as described in the text. (A) 
Aggregation response is reported as the height of the aggregation 
curve at 3 minutes expressed as percentage of control. (B) FMLP 
receptor number is reported as specific FMLP binding per cell in 
the presence of 120 nmol/L of ?H-FMLP and is expressed as 
percentage of control. Each point is the mean + SD of four 
separate experiments, each of which was performed in triplicate. 
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Table 1. Chemotactic Deactivation of Neutrophils to FMLP 


Chemotactic Index 
(Percentage of 


Pretreatment Random Migration) 
Buffer 372 + 22 
Buffer + 0.5 mg/mL of MP 346 + 26 
Buffer + 1 5 mg/mL of MP 375 + 48 
Buffer + FMLP 179 +21 
Buffer + O 5 mg/mL of MP + FMLP 192 +5 
Buffer + 1 5 mg/mL of MP + FMLP 220 + 45 


Neutrophils exposed to f-methionine-leucyl-phenylalanine (FMLP) in 
the presence of methylprednisolone sodium succinate (MP) became 
desensitized to further FMLP stimulation. Neutrophils were incubated in 
the presence or absence of MP at the concentration indicated for 2 
minutes at 22 ?C and subsequently for 20 minutes at 22 ?C in the 
presence of the same concentration of MP in addition to 107° mol/L of 
FMLP or buffer. The cells were then washed, and chemotaxis was 
assayed under agarose as described in the text. Results are reported as 
chemotactic index (direct/random migration) when cells migrated toward 
a well containing 1079 mol/L of FMLP. Each value is the mean + SEM of 
four separate determinations [n each case, the chemotactic index of cells 
preincubated with FMLP in the presence or absence of MP was 
significantly lower than that of cells preincubated with buffer alone [ P < 
001 for (MP) = O or O 5 mg/mL, 0.01 < P < .05 for (MP) = 1.5 
mg/mL, unpaired t test], whereas the chemotactic index of cells preincu- 
bated in MP alone was not statistically different from that of control cells 
(P > .2) When MP was not removed by washing, chemotaxis was 
inhibited in a dose-dependent manner with a potency similar to that 
observed with aggregation. 


parallels the inhibition of granulocyte responses to FMLP.” 
We used FMLP as a probe of granulocyte receptor-ligand 
interaction because previous in vitro and in vivo studies of 
granulocyte responses to chemotactic stimuli suggested that 
FMLP was a reasonable model for C5a-induced granulocyte 
leukostasis and tissue injury and because radiolabeled 
FMLP is readily available.??79426 

Our current finding that these effects of high-dose cortico- 
steroids can be removed by washing may explain the observa- 
tion of other researchers that short courses of high-dose 
corticosteroids do not result in very marked effects on 
neutrophil chemotaxis.” This observation led us to question 
whether these drugs might be capable of preventing the 
cellular response to a stimulus, while allowing a gradual 
increase ın receptor occupancy with concomitant receptor 
down-regulation and desensitization. Such a phenomenon 
may partially explain how intermittent high doses of these 
drugs, which maintain high plasma concentrations for only a 
short time,??! might exert a beneficial effect in some clinical 
situations. It is well known that treatment of neutrophils with 
chemotactic factors can result in a loss of their ability to 
respond to further stimulation, a phenomenon known as 
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deactivation. 544749515759? This deactivation may be due in 
part to receptor down-regulation, but other mechanisms may 
also be involved.“ Neutrophils exposed to FMLP in the 
absence of divalent cations do not aggregate.” Cells preincu- 
bated with FMLP in the absence of divalent cations for >4 
minutes aggregated minimally after addition to divalent 
cations," suggesting that binding of FMLP to its receptor 
results in a transient ability of the cell to respond. In the 
absence of divalent cations, the cells do not aggregate in 
response to FMLP, but do become “desensitized” to further 
stimulation.” Indeed, we found concentrations of MP capa- 
ble of inhibiting granulocyte response to FMLP that did 
allow a slowed increase in FMLP receptor-ligand binding 
with concomitant desensitization and receptor down-regula- 
tion. The mechanism by which corticosteroids exert their 
effect on the receptor-ligand interaction remains un- 
known.” 

We conclude that high-dose corticosteroids can inhibit 
granulocyte responses to chemotactic stimuli. These same 
concentrations of corticosteroids inhibit binding of the syn- 
thetic chemotaxin ?H-FMLP to its specific receptor on the 
granulocyte surface. This inhibition of binding is due pri- 
marily to a decrease in the association rate constant for 
peptide—receptor interaction without a significant change in 
dissociation rate or receptor number. A marked effect on the 
FMLP-receptor interaction is seen at drug concentrations 
approximating the plasma concentration immediately after a 
30 mg/kg IV bolus, and a prominent effect is seen even at a 
tenfold-lower concentration. Alteration of cellular receptors 
may therefore be an important mechanism of action of 
corticosteroids on granulocyte aggregation. The observation 
that the effects of MP on granulocyte aggregation and 
FMLP receptor activity are reversed by washing, coupled 
with the short half-life of high doses of these drugs, explains 
the results of earlier studies on granulocyte function follow- 
ing pulse MP therapy in vivo.? Furthermore, the data 
suggest a novel mechanism of drug action; inhibiting the 
association kinetics of receptor-ligand interaction resulting 
in inhibition of cellular response, yet allowing receptor 
down-regulation and desensitization to further simulation. 
Although the clinical importance of this phenomenon 
remains to be shown, alteration of receptor-ligand interac- 
tions may contribute to the reported efficacy of high doses of 
these drugs in leukostatic and other syndromes. 
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What Should Be the Morphologic Criteria for the Subdivision 
of Follicular Lymphomas? 


By Bharat N. Nathwani, * Gerald E. Metter, t Thomas P. Miller,t Jerome S. Burke, f Risa B. Mann,§ Maurice Barcos, || 
Carl R. Kjeldsberg, ll Dennis O. Dixon,# Carl D. Winberg,+ Clarence C. Whitcomb, * * and Stephen E. Jonest T 


The members of the Pathology Panel for Lymphoma Clini- 
cal Studies undertook a collaborative study with the hope 
of resolving some of the controversies regarding the crite- 
ria and methods for the subclassification of follicular lym- 
phomas (FLs). A group of 105 patients with FL were 
subclassified by seven hematopathologists according to 
two methods. In the first method, cases were subclassified 
according to the Rappaport, Lukes and Collins, and Work- 
ing Formulation systems. In each of these systems, FLs are 
subclassified by estimation of the different cell popula- 
tions, without actual counting of cells. In the second 
method, precise counts of different cells were made 
according to the standard and modified Berard methods. 
With this counting method, diagnoses were independently 
derived, based on counts provided by the seven patholo- 
gists, for large cleaved (LC), small noncleaved (SNC), and 
large noncleaved (LNC) cells. To ascertain what method 
and which criteria are most useful in predicting survival, 
we made clinicopathologic correlations. When the subjec- 
tive (first method) diagnoses were rendered, and when the 
consensus diagnoses of the seven pathologists were used, 
there were no significant differences in survival among 


OLLICULAR (nodular) lymphomas (FLs) are subdi- 
vided morphologically into three cell types, small 
cleaved, large cell, and mixed (small cleaved and large cell).! 
This subclassification, which usually is based on the subjec- 
tive assessment of the percentages of small and large lym- 
phoid cells (“histiocytes”), is important clinically, because 
major therapeutic decisions are based on it^" There is 
general agreement that nodular, poorly differentiated lym- 
phocytic (NPDL) lymphoma is a low-grade malignant lym- 
phoma,’ and that nodular “histiocytic” (NH) lymphoma is 
of an intermediate grade? ^: however, there is disagreement 
regarding the clinical behavior of nodular mixed (NM) 
lymphoma.”*"'!"? In a study by the National Cancer Insti- 
tute, patients with NM had longer survival times than did 
patients with NPDL lymphoma.” Results obtained at Stan- 
ford University’ suggest that the NM type has a prognosis 
similar to that of NPDL, whereas the results of the Eastern 
Cooperative Oncology Group" indicate that the survival of 
patients with NM is significantly shorter than that observed 
in NPDL lymphoma. These conflicting data may be a result 
of disagreement among pathologists as to the number of 
large cells that are necessary for classification of a lym- 
phoma as either the mixed cell type or the large lymphoid 
(“histiocytic”) type. 

There are not only differences in the morphologic criteria 
for the subclassification of follicular lymphomas, but also in 
the methods used for determining the number of large cells 
In the Rappaport? Lukes and Collins,'* and Working For- 
mulation! systems, the subclassification of FLs is subjective, 
based on estimates of the percentages of large cells within 
follicles and not on actual counting of cells. In the Berard 
method,^5 on the other hand, actual counts of large non- 
cleaved cells (LNC) are made and their number determine a 
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patients with the different subtypes. On the other hand, 
when we used the counting method of Berard (second 
method) and the cut-off points for the cell counts sug- 
gested by him for the subclassification, we were able to 
divide the patient population into prognostic subgroups. 
Because the cut-off points proposed by Berard are not 
derived objectively, we made statistical comparisons of 
survival curves to determine cut-off points (and thus to 
establish objective criteria). We found that the patient 
population could be separated into at least two prognostic 
groups, for SNC and/or LNC and for SNC + LNC + LC 
cells. The cut-off points which we derived differed with cell 
type, however. Until the usefulness of these new cut-off 
points is established, we recommend that the cut-off 
points and the counting method of Berard be used for the 
subclassification of FL. Because the choice of treatment for 
the different subtypes of FL is totally dependent on the 
histologic diagnosis, and because of the variability among 
the diagnoses of pathologists, treatment planning is diffi- 
cult. 

o 1986 by Grune & Stratton, Inc. 


subclassification. In the Working Formulation study, in 
which the Lukes and Collins classification was used, it was 
found that FLs of the small noncleaved (SNC) cell type had 
the most aggressive natural history among the FLs; they are 
placed in the high-grade category.! These data suggest that 
increased numbers of SNC cells adversely affect survival. 

In view of these considerations, we concluded that actual 
counting of large cleaved (LC), LNC, and SNC cells would 
be the optimal method of determining the precise criteria for 
the subclassification of FLs. Moreover, we believed that 
these criteria should not be based on preconceived ideas 
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regarding the cut-off points for the number of large cells, but 
that the cut-off points should be derived objectively on the 
basis of statistical comparisons of survival curves. 

The current study, in which we set out to ascertain the 
precise criteria for subdivision of FLs, is based on a patient 
population taken from the Southwest Oncology Group 
(SWOG). All patients were treated uniformly and inten- 
sively with curative intent, and all were followed up for long 
periods (SWOG protocol numbers 7426 and 7713).!^* The 
specific objectives of our study were: (a) to determine which 
parameters independently influenced survival, (b) to ascer- 
tain survival times based on subjective diagnosis (based on 
estimated counts), (c) to ascertain survival times based on 
actual counts by using two methods, and (d) to assess the 
relative value of the subjective and objective (counting) 
methods in predicting survival times. 


MATERIALS AND METHODS 


Histologic material from 105 patients with FL who had been 
treated previously 1n SWOG studies (nos 7426 and 7713) was 
reviewed by seven hematopathologists The details of patient selec- 
tion have been described previously.” In general, these patients were 
chosen for review because adequate histologic material was avail- 
able, patient follow-up was >5 years, all had advanced disease (stage 
III or IV), and all had been treated uniformly with combination 
chemotherapy that included cyclophosphamide, doxorubicin, vin- 
cristine, and prednisone (CHOP) '!8 

The SWOG diagnosis of record is a refined diagnosis. The initial 
diagnosis is made by the local institution’s pathologist. A second 
review 1s made by the pathologists of the SWOG regional center, and 
a third review is made by the Repository Center for Lymphoma 
Clinical Studies.???! If the diagnoses by the regional center and by 
the Repository Center agree, they constitute the SWOG diagnosis of 
record. If the diagnoses disagree, the case is reviewed by the 
Pathology Panel, and its diagnosis is the SWOG diagnosis of 
record.” 

A trial review session was held at the Repository Center at City of 
Hope National Medical Center on an 11-headed microscope At this 
session, the design of the study and the morphologic criteria to be 
used were discussed A series of cases were reviewed, and a consensus 
was obtained on the criteria for identification of small cleaved, LC, 
SNC, and LNC cells. The statistician for the study (G.E.M.), 
participated in this review to ensure that the research design was 
statistically adequate and that uniform standards were developed for 
the study. The published criteria of Lukes and Collins were 
circulated among the participants and, after extensive discussion, 
each pathologist was at liberty to use whatever criteria he or she felt 
were most useful for distinguishing the different cell types 

All participants had an American Optics microscope with lenses 
having identical magnifications. Everyone had a WF10X eyepiece, 
and a 40x high-magnification lens. The field of view index was 18, 
and the diameter was 4.58 mm. The high-power field (HPF) for 
every pathologist was the same 


Rules and Criteria for Rendering of Diagnoses According 
to the Estimation Method 


In the estimation method, FLs were subclassified according to cell 
type by estimation of different cell populations, without any attempt 
to count cells. Cases were diagnosed according to the Rappaport,” 
Lukes and Collins, and Working Formulation! systems. To ensure 
consistency among the pathologists, we agreed on the following 
criteria for the rendering of diagnoses based on the three systems 
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1 For the Rappaport clessification? a case was categorized as 
NPDL when the estimated percentage of large cells was «2596. If 
the estimate for large cells was between 25% and 50%, the case was 
classified as NM; if the percentage of large cells was considered 
75026, the case was classified as NH lymphoma. Rare cases were 
classified as undifferentiated when the majority of cells were inter- 
preted as undifferentiated 

2 For the Lukes and Collins classification,!* a case was considered 
to be of the SC cell type when the predominant population was of the 
SC cell type. A case was classified as LC cell type when SC cells 
were mixed with LC and LNC cells; however, in this category, the 
estimate for LNC cells was always «2596. When the estimate for 
LNC cells was >25%, the case was classified as LNC cell type. A 
case was termed SNC cell type when SNC cells were the predomi- 
nant cell population. 

3 For the Working Formulation,! a case was classified as small 
cleaved cell type when the estimated percentage of large cells was 
«2596. A case was classified as mixed-cell type when there was a 
mixture of small cleaved, LC, and LNC cells. If it was estimated 
that >50% of the cells were large cells, a case was classified as 
large-cell type A case was considered to be of the SNC cell type 
when SNC cells predominated. 


Rules and Criteria for Counting and Derivation of 
Diagnosis 


Standard Berard counting method. The standard Berard!^? 
method of deriving diagnoses is based on counts of LNC cells, with 
counts of 0 to 5 LNC cells per HPF giving a diagnosis of PDL; >5 to 
15 LNC cells per HPF, NM; and >15 LNC cells per HPF, NH 
lymphoma. 

Modified Berard method — In this study, we modified the Berard 
method”? in two ways: (a) Rather than counting LNC cells only, we 
applied the cut-off points of 5 and 15 cells to SNC cells only, to 
SNC + LNC cells combined, and to SNC + LNC + LC cells; and 
(b) we explored whether other numbers of cell counts provided better 
cut-off points with application to counts of LNC, SNC, SNC + 
LNC, and SNC + LNC + LC cells. 

In addition, counts of the three cell types (SNC, LNC, LC) were 
made up to 50 cells. The pathologists did the counting only and did 
not translate the counts into diagnoses The statistician (a) objec- 
tively derived diagnoses by using the 5-cell and 15-cell cut-off points, 
and (b) computed survival curves to obtain natural cut-off points. 

Reasons for modifying the standard Berard method 1 In the 
Rappaport classification, the nodular lymphomas are subdivided 
according to the subjectively determined relative number of large 
cells (histiocytes) Since the development of the Rappaport system, 
Berard, ^ in his practice, has made precise counts of only LNC 
cells to subdivide follicular lymphomas, because he has found that 
counting of these cells is a more objective and reliable method than 
subjective estimation. 

2 In the Lukes and Collins classification,'* on the other hand, FLs 
are subdivided based on the relative numbers of LC, SNC, and LNC 
cells; theirs is also a subjective method of estimation 

3 In the Working Formulation study,' it was found that follicular 
lymphomas of the SNC cell type had the most aggressive natural 
history, and these lymphomas were placed in the high-grade catego- 
ry. 6 The data from NCI studies suggest that increased numbers of 
SNC cells adversely affect survival. Therefore, we considered it 
important to include counts of these cells. 

4 Rather than retaining current values of the cut-off point for the 
number of large cells required for the subclassification of follicular 
lymphomas, we decided that the criteria for cut-off points should be 
derived based on correlations of survival. 

For each of the 105 cases, therefore, each of the seven pathologists 
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was required to count and record the number of LC, LNC, and SNC 
cells in a total of 10 HPF. The entire slide was screened, and only 
those follicles identified by the pathologist as showing a maximum of 
LC, SNC, and LNC cells were used for counting. The counts that 
are used in this study are the initial counts provided by the 
pathologists, and the results have been published.? In 97 cases, at 
least four pathologists provided counts; therefore, in some cases, the 
average of 40 per HPF was used, whereas in others, the average of 70 
per HPF was used. 

To reach a diagnosis, we applied the standard and modified 
Berard criteria to the sum of the averages across 10 HPF of the three 
cell groups (LC, LNC, and SNC) for each case for each pathologist. 
Small noncleaved cells were included among the large cells because, 
with respect to nuclear size and the presence of distinct nucleoli, the 
SNC cells bore a greater resemblance to LNC cells than to small 
cleaved cells. In addition, the same determinations were made 
according to the standard Berard method, based only on counts of 
LNC cells. 


Statistical Methods 


Kaplan-Meier” curves were computed and Mantel-Cox? tests 
done for comparison of survival curves. Some of the comparisons had 
relatively low power for detecting a significant difference because of 
the small size of some subgroups and the small numbers of deaths 1n 
some of these subgroups. We used Cox regression?! models to 
examine the effect of potential prognostic variables on survival. 
Survival was calculated from the date when treatment was started 
until death or to the date of the last follow-up 


RESULTS 
Parameters Influencing Survival 


We derived Cox regression?* models for the diagnosis by 
each pathologist, for the consensus (the diagnosis agreed 
upon by four or more pathologists on initial evaluation or 
review), and for the SWOG diagnosis to determine which 
variables predicted survival times (Table 1). Variables con- 
sidered in the step-up procedures were age, pathologic stage, 
sex, cell counts (LNC, SNC, and LC), and subjective 
diagnosis; those variables with a significance level «0.10 
were included in the regression equation. When the Cox 
regression analysis was carried out for each pathologist, for 
the consensus, and for the SWOG diagnosis, patient age and 
pathologic stage were always important predictors of surviv- 
al, with increased age and higher stage being associated with 
a poorer prognosis. As determined by univariate statistical 
analysis, the median survival of the 46 patients with stage III 
disease was significantly longer than that noted for the 59 
patients with stage IV disease (P — .049). In stage III group, 
38 patients (83%) obtained a complete remission (CR), 
whereas only 36 patients (61%) in stage IV group obtained a 
CR. The age range of our 105 patients was 20 to 85 years, 
with a mean of 54.1 years. Using a univariate analysis, 
patients 754 years of age had a shorter survival than those 
<54 years of age (P = .03). Patients 260 years of age had a 
shorter survival than did those <60 years of age (P = .01); 
and patients 770 years of age had a shorter survival than did 
those «70 years of age (P — .00001). For three pathologists 
(B, C, and F), the number of SNC cells counted was also 
predictive; a greater number was associated with a poorer 
prognosis. For three pathologists (A, D, and G), the diag- 
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Table 1. Cox Regression Analysis of Survival (P values listed are 
those for variables for which P < 0 10) 


Rappaport 
Pathol. Cell Counts Diagnosis 
Pathologist Age Stage Sex LNC SNC LC M H 
A 006 .008 — = — — — .024 
B 028 .024 — — 017 — — — 
C 041 .022 — — 085 — — — 
D 060 .028 — — — _ — 066 
E .027 .032 — — — = — — 
F 031 .013 — — 016 — — — 
G .028 .019 — — — — — .041 
Consensus .044 008 — .086 — — — — 
SWOG .085 .008 — NA NA NA .001 — 


Abbreviations. LNC, large noncleaved; SNC, small noncleaved; LC, 
large cleaved; M, mixed; H, “‘histrocytic’’; NA, not applicable 


nosis of a “histiocytic” lymphoma was predictive of shorter 
survival. For pathologist E, neither counts nor subjective 
diagnosis contributed significantly to the prediction of sur- 
vival. For the consensus diagnosis, the number of LNC cells 
was important, higher numbers being associated with a 
poorer prognosis. For the SWOG diagnosis, the presence of a 
mixed cell lymphoma was associated with shorter survival. 
(For the SWOG diagnosis, cell counts were not done.) 


Survival Based on Subjective Diagnosis 


Our previous study showed that there was great variability 
among the seven pathologists with respect to their subjective 
diagnosis and the actual cell counts.? Therefore, it seemed 
appropriate to use only the consensus diagnosis and the 
overall averages of counts of the various cell types. 

When we used the consensus Rappaport diagnosis to 
subclassify FLs into three groups, we obtained no significant 
difference in survival among these groups (Fig 1) (P = .33). 
The results were similar with the Lukes and Collins classifi- 


3 












8 


PERCENT SURVIVING 
> 
ô 8 


30 Dead Alve (%) Total 
«PDL JO 30 (75%) 40 
«Mixed 15 24 (62%) 39 
20 eHistiocytic 8 15 (65%) 23 
33 69 102 
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Fig 1. There were no significant differences in survival times 
among the three morphologic subtypes of follicular lymphomas 
when the consensus diagnoses (subjective) were used (P — .33). 
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cation (P = .15) and the Working Formulation (P = .17). In 
contrast, when we used the SWOG histologic diagnosis of 
record to generate survival curves, we found a highly signifi- 
cant difference (Fig 2) (P — .001). 


Correlation of Survival With Derived Diagnosis 


Using the standard Berard cut-off points of 0 to 5 LNC 
cells for PDL, >5 to 15 LNC cells for mixed, and >15 LNC 
cells for histiocytic lymphoma, we generated survival curves 
based on LNC cells (Fig 3). The cell count used was the 
average of the counts across 70 HPF (ie, 10 HPF for each 
pathologist for each case), which showed marginally signifi- 
cant differences among the cell types (P — .07). We applied 
these same cut-off points to SNC (Fig 4), to SNC + LNC 
(Fig 5), and to SNC + LNC + LC cells (Fig 6). Among 
these three, there was again a marginally significant differ- 
ence for SNC + LNC cells (P = .06) (Fig 5); for the 
remaining two cell groups, the differences were not signifi- 
cant 


Correlation of Cell Type and Cell Counts With Survival 


Table 2 shows the survival analysis for various cell types 
on the basis of increasing cell counts. The P values listed are 
for pairs of survival curves at cell counts above and below 
sequential] cut-off points. For LNC, the lowest P value 
occurred at a cut-off point of four cells; the P values then 
increased beyond the significant range. Based on these 
results, we could divide the patient population into only two 
groups (P = 0.01) (Fig 7). 

For SNC, the P values varied, with an imtial lowest P 
value at a cut-off point of 3 cells; the P values then rose and 
began lowering again to the .01 range at 7 cells and attaining 
their lowest level at 10 cells and then rising once more. Based 
on these results, we divided the patient population into three 
groups (0-3 cells, >3 to 10 cells, and >10 cells), and a 
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Fig 2. There were significant differences in survival times 
among the:morphologic subtypes of follicular lymphomas when the 
SWOG diagnoses (subjective) were used (P = .001). 
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Fig 3. There were significant differences in survival times 


(P = .07) among the morphologic subtypes of follicular lymphomas 
when the standard Berard criteria (applied criteria to large non- 
cleaved cells only) were used for subclassification of follicular 
lymphomas. 


statistical comparison of the survival curves for these three 
groups showed significant differences (P — .009) (Fig 8). 
For LNC + SNC cells, the analysis illustrated in Table 2 
suggested that there might be three patient groups, with a 
clear break at seven cells and possibly another at 16 cells. 
Although the difference among the groups was significant 
(P = .015) (Fig 9), it was due solely to the superior survival 
of the first group (0 to 7 cells), with no separation between 
the latter two groups (7 to 16 cells and >16 cells) (Fig 9). 
The analysis for all large cells (LNC + SNC + LC) 
suggested that there were three patient groups (0 to 8 cells, 
78 to 13 cells, and >13 cells) (Table 2). Statistical compari- 
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Fig 4. There were no significant differences in survival times 
(P = .33) among the morphologic subtypes of follicular lymphomas 
when the Berard method was modified {criteria applied to SNC). 
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-0-5 (PDL) 2  17(899 19 
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Fig 5. There were differences in survival times (P = .06) 
among the morphologic subtypes of follicular lymphomas when the 
Berard method was modified and applied to SNC plus LNC. 


son of these three patient groups revealed a significant. 


difference among the groups, with that of 0 to 8 cells having 
the longest survival (P = .02) (Fig 10). A pairwise compari- 
son between the group with >8 to 13 cells and the group with 
more >13 cells yielded a P value of only 0.40, however. 


DISCUSSION 


Parameters Influencing Survival 


This attempt to establish definite and objective criteria for 
the subdivision of FLs was undertaken on a group of 105 


patients, all of whom uniformly received aggressive combina- 
17,18 


tion chemotherapy'^'"* regardless of the histologic type. To 
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Fig 6. There were no differences in survival times (P — .21) 
among the morphologic subtypes of follicular lymphomas when the 
Berard method was modified and applied to all “large” cells (small 
noncleaved plus large noncleaved plus large cleaved cells [SNC + 
LNC + LC]). 
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Fig 7. Patients with four or fewer LNC had survival times 
significantly superior to those of patients with more than four LNC 
cells (P — .01). 


ascertain whether histologic variables independently 
influence survival, we performed multivariate Cox regression 
analyses, taking into consideration clinical parameters, diag- 
nosis, and cell counts (Table 1). The results of this analysis 
showed that the stage of the lymphoma and patient age were 
the most important parameters. In addition, when the diag- 
nosis by each of the pathologists as well as that of the SWOG 
and the consensus diagnosis were used, it was clear. that 
histologic characteristics were an independent parameter 
influencing survival. Specifically, we found that, for all 
except one pathologist, either the diagnosis or the cell counts 
were independent parameters influencing survival. Thus, 
based on these analyses, we considered it worthwhile to 


Table 2. Paired Survival Analysis According to Objective Counts 
with Successive Cutoff Points (in Terms of Mantel-Cox P values) 


Cutoff Point* 
(No of Cells) LNC SNC LNC 4- SNC LNC + SNC + LC 
2 .149 .073 172 442 
3 .038 | 014] 127 .172 
4 037 .187 -306 
5 026  .141 .037 .450 
6 122 065 .008 .089 
7 384 016 .050 
8 .700  .062 .011 
9 619 012 .025 011 
10 844 .018 .026 
11 .809  .047 033 .052 
12 .674 .071 102 .019 
13 .534 — .097 140 
14 971  .235 .258 .094 
15 580  .571 .131 .080 
16 580 — .406 .250 
17 976.711 099 .157 
18 377 264 176 .157 


*Groups formed with cutoff point in lower group (eg, 0-2 v 2). 
Abbreviations: LNC, large noncleaved; SNC, small noncleaved, LC, 
large cleaved; L] designates the cutoff points (see also Table 3). 
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Fig 8. The patient population can be subdivided into three 


prognostic groups (P — .009). Patients with three or fewer SNC 
had the longest survival times, and patients with more than ten 
SNC cells had the shortest survival times. Patients with more than 
three and up to ten SNC cells had an intermediate prognosis. 


investigate the influence of subjective diagnosis and actual 
cell counts with survival. 


Survival Based on Subjective Diagnosis 


Because one of our purposes in this study was to find out 
whether the subjective diagnosis'*'* or actual counting of 
cells (according to the standard and modified Berard 
methods) yields a meaningful separation of the survival 
curves, we first looked at the survival curves based on the 
subjective diagnosis. 

When subjective diagnoses were rendered according to the 
Rappaport classification? (Fig 1), Lukes and Collins" classi- 
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Fig 9. The patient population can be subdivided into two 
prognostic subgroups (P — .015). Patients with seven or fewer 
SNC plus LNC had survival times that were significantly superior 
to those of patients with more than seven SNC plus LNC cells. 
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Fig 10. The patient population can be subdivided into two 


prognostic subgroups (P = .02). Patients with eight or fewer large 
cells (SNC plus LNC plus LC) had survival times significantly 
superior to those of patients with more than eight large cells. 


fication, and the Working Formulation,’ based on the con- 
sensus diagnosis, there were no significant differences in the 
survival curves among the different subtypes. This result is in 
contrast with published reports showing that the FLs could 
be separated into meaningful prognostic subgroups.^? In 
most previous studies,?!°%6 FLs have generally been 
treated non-aggressively. It has been possible to separate the 
patient populations studied into at least two, if not three, 
prognostic groups. In the last 5 years, however, the histio- 
cytic FLs have been treated aggressively, and a significant 
percentage of the patients have achieved a prolonged disease- 
free survival, which suggests a cure.”!° 

For our 105 patients, the SWOG diagnosis of record 
showed that there were significant differences in survival 
times among the three subtypes of FL (Fig 2). Thus, in the 
standard process of arriving at the SWOG diagnoses of 
record, it appeared that histologic subclassification provided 
useful information; but this was not the case when the 
consensus diagnosis established in this study was used. Thus, 
in this study, even though some of the pathologists were able 
to make diagnoses that were predictive of survival, the 
consensus process used obscured these differences. 


Survival Based on Actual Cell Counts 


Use of standard Berard criteria for cut-off points. We 
used the cut-off points for LNC cells, as proposed by Berard, 
to ascertain whether this cell type was useful for the defini- 
tion of prognostic subgroups. In this way, the patient popula- 
tion could be divided into two rather than three prognostic 
subgroups (Fig 3) (P = .07). 

Use of the modified Berard method. We used the same 
cut-off points suggested by Berard also for SNC, LNC + 
SNC, LNC + SNC + LC cells, because (a) in the Lukes 
and Collins Classification and in the Working Formulation, 
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SNC is an important prognostic cell type; (b) it may be 
difficult to distinguish the LNC and SNC cells from one 
another; and (c) in the Rappaport system, the so-called 
“large” cells include the combination of the three cell types 
(LNC, SNC, LC). Although Figs 4 and 6 do not show any 
significant separation of survival curves, Fig 5 shows that, by 
using the cut-off points of Berard for combined SNC + LNC 
cells, one could obtain results (P — .06) similar to those noted 
for LNC alone (Fig 3; see previous paragraph). These data 
give credence to the Berard definition of LNC and to the 
cut-off points that they proposed. 

Derivation of new cut-off points. When we applied our 
data to the generation of survival curves by using sequential 
cut-off points (Table 2), we were able to obtain significant 
separations, not only for LNC (Fig 7), but also for SNC (Fig 
8), LNC + SNC (Fig 9), and LNC + SNC + LC cells (Fig 
10). We were able to derive three distinct prognostic sub- 
groups only for the SNC counts, however (Fig 8). For each of 
the others, we were able to obtain only two prognostic 
subgroups. It becomes apparent that, by using cell counts, 
one can separate the patient population into at least two 
groups for each of the cell types. This clearly indicates the 
importance of counting (Figs 7—10). In contrast, when we 
used the subjective consensus diagnosis without counting 
(Fig 1), we found no separation of survival curves. 

These results clearly show that, when cut-off points dif- 
ferent from Berard's are used, both SNC and LNC cells are 
prognostically important. Thus, in the future, counting of 
cells may lead to a significant and more reproducible sub- 
classification of FLs. This finding raises an important issue 
What are the criteria for distinguishing SNC cells from 
LNC cells? Berard has stated that he refers to cells as LNC 
only when he can readily identify multiple, distinct nucleoli. 
The fact that different pathologists could identify either 
LNC or SNC cells, but not both, as having prognostic 
significance suggests that the criteria used in this study for 
the identification of these two cell types were not uniformly 
applied, difficult to apply, or invalid. 

The criteria for distinguishing these two cell types are 
indeed difficult to apply. For example, the nucleoli of LNC 
cells are supposed to be larger than the nucleoli of SNC cells, 
according to the published criteria of Lukes and Collins. In 
actual practice, however, the nucleoli of the LNC cell 
appears to be relatively smaller because the nuclear and cell 
size are larger. On the other hand, in the SNC cell, since the 
nuclear and cell size are smaller, the nucleoli appear to be 
relatively larger. Moreover, if the LNC cell has a single 
nucleolus, it may be confused with a benign histiocyte. 


Treatment Considerations Based on Morphology 


Past studies have shown that there are significant differ- 
ences in the natural history, response to therapy, and patient 
survival among the different subtypes of FLs. It is well 
known that patients with NPDL lymphoma may not require 
any treatment initially.” When treatment is desired for relief 
of symptoms, there is no proven advantage of combination 
chemotherapy over the use of a single alkylating agent." On 
the other hand, the nodular “histiocytic” lymphomas are 
thought to be curable and are, therefore, treated intensive- 
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ly"? Our findings cast doubt on some of these generally 
accepted treatment practices and create a dilemma for both 
practicing oncologists and researchers. 

The results of our study cause concern for the following 
reasons: 

1. Because the choice of treatment for the different 
subtypes of FLs is totally dependent on the histiologic 
diagnosis, it is imperative that the diagnosis rendered by the 
pathologist be reproducible and reliable. In our previous 
study, however, the diagnoses of seven “expert” pathologists 
had great variability, particularly when they were based on 
subjective evaluation, and major disagreement existed in 
37% of the cases.? A major disagreement was defined as two 
extreme diagnoses made on the same case (eg, one or more of 
the pathologists diagnosed NPDL and one or more of the 
other pathologists in the group diagnosed NH). These data 
suggest that treatment decisions based on histologic criteria 
are sometimes misdirected. 

2. Moreover, this study showed that when we used the 
consensus subjective diagnosis, we found no significant dif- 
ferences in survival among patients with the different sub- 
types of FLs, indicating that survival is not necessarily 
predicted by the histologic findings as perceived by a consen- 
sus of “experts.” 

3. The results of our previous study showed that the 
greatest disagreement among the pathologists concerned the 
NM category. All seven pathologists could agree with the 
diagnosis of NM in only one of the 39 cases studied, and 
some of these were classified as NPDL, whereas others were 
categorized as NH. 

These findings suggest that some patients with NPDL 
lymphoma may have a potentially curable form and that new 
techniques are needed for their identification. Routine 
administration of intensive drug regimens to all patients who 
have presumed NPDL lymphoma seems unreasonable, how- 
ever, because most patients would experience unnecessary 
toxic effects." 

Debates regarding the appropriate management of NM 
lymphoma patients are moot because this disease category 
cannot be identified reproducibly. At institutions that have 
identified a single pathologist who has an established record 
of relating diagnoses to survival, treatment should be individ- 
ualized. For most practicing oncologists, our results suggest 
that a diagnosis of NM lymphoma carries a substantial risk 
of being changed to NH lymphoma if a histologic review is 
conducted; consequently, patients should probably be given a 
trial of intensive chemotherapy designed for cure. In addi- 
tion, investigators should be cautious to include the NM 
category in studies of either indolent or aggressive histologic 
types because the survival of these patients is not reproduc- 
ibly predictable. As a possible solution to the problem, some 
investigators" have suggested that immunologic methods 
may be useful in the identification of subgroups of NM. 
Immunologic interpretations are often subjective, however, 
and very little information is available regarding the repro- 
ducibility and the interobserver agreement on the interpreta- 
tion when the results are based on immunologic techniques.” 
Moreover, NM is a morphologic and not an immunologic 
diagnosis. It would be worthwhile to ascertain whether 
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growth fractions as determined by immunostaining with 
monoclonal antibody Ki-67, which distinguishes low-grade 
from high-grade lymphomas,” is helpful in the subclassifica- 
tion of FL. 

Some patients with a diagnosis of NH lymphoma are 
probably not curable and are likely to have an indolent 
disease. Nevertheless, a high percentage of patients with this 
diagnosis have aggressive disease and, like those with the NM 
type, should receive a trial of intensive chemotherapy.” 


Can We Propose New Criteria (Cut-Off Points) for the 
Subclassification of FLs? 


Based on the analyses illustrated in Table 2 and in Figs 7 
through 10, we were able to generate cut-off points that 
might be useful for the subclassification of FLs (Table 3). 
These cut-off points would have to be verified independently 
on a different group of patients, however, and it would be 
necessary to ascertain whether they are indeed useful before 
they could be recommended for routine application. 


Conclusions 


Even though our previous study! showed great variability 
among pathologists, certain conclusions can be drawn 
regarding the most appropriate method for subclassifying 
FLs. This could only be achieved because we analyzed the 
data in various ways (making a subjective diagnosis based on 
estimation of numbers of cells, counting cells and applying 
the standard and modified Berard methods to derive a 
diagnosis, and finally using data from these analyses to 
generate a new set of survival curves). We conclude the 
following: 

1. Actual counting of cells is probably a method for 
arriving at a diagnosis that is superior to making a diagnosis 
based on subjective assessment of the percentages of dif- 
ferent cells. 

2. The cut-off points suggested by Berard for the subclas- 
sification of FLs based on the number of LNC cells appeared 
to be generally valid. This method divided the patients into 
only two groups with significantly different survival times In 
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Table 3. Suggested Optimal Cutoff Points for Prognostic Survival 


Groups 
Cell Type(s) Suggested Groupings (No of Cells) 
LNC 0-4 >4 
SNC 0-3 23-10 >10 
LNC -+ SNC 0-7 >7 
LNC + SNC + LC 0-8 >8 


Abbreviations: LNC, large noncleaved; SNC, small noncleaved; LC, 
large cleaved. 


the future, however, this method may be more reproducible 
and may also make it possible to select the group that 
requires aggressive therapy. 

3. The cells that probably have a major influence on 
survival are those transformed lymphoid cells which contain 
multiple, distinct nucleoli. These cells were presumably 
identified by some investigators as SNC cells and by others 
as LNC cells. 

4. Whether large transformed lymphoid cells with rela- 
tively small nucleoli (LNC) have a different biologic behav- 
ior than do transformed cells of intermediate size with 
multiple, relatively large nucleoli (SNC) cannot be estab- 
lished from our study. 

5. It is difficult for “expert” hematopathologists to sepa- 
rate favorable from unfavorable FLs reproducibly by using 
subjective morphologic criteria alone. 

6. If patients with NM lymphoma are identified by 
pathologists who do not have an established record for 
predicting survival based on morphologic subclassification, 
these patients should receive intensive combination chemo- 
therapy designed for cure. 

7. More objective and reproducible methods are needed 
for the separation of patients into favorable and unfavorable 
prognostic groups. 
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Leu 11* Ty Cell Chronic Lymphocytic Leukemia With Partially Activated 
Natural Killer Function and Its Further Activation by Recombinant IL2 In Vitro 


By Shinichi Tagawa, Yukihiro Tokumine, Etsuko Ueda, Koji Waki, Yoshio Kanayama, Nobuhiro Taniguchi, Toshihiro 
Nakanishi, Ryoichi Inoue, and Teruo Kitani 


A patient with Ty cell chronic lymphocytic leukemia with 
the Leu 11* phenotype and novel function of activated 
natural killer cells is reported. The peripheral blood mono- 
nuclear cells of this patient showed large granular lympho- 
cytes by May-Giemsa staining and lamellipodia by scanning 
electron micrography. Tests on reactivity with monoclonal 
antibodies showed that most cells were Leu 11*, OKT3 / 
Leu 1, OKT4, OKT8 , Leu 7 , OKM1_, and Tac”. Freshly 
collected cells lysed not only K562, which is highly sensi- 
tive to natural killer cells, but also Raji cells and Daudi cells, 
which are not. Leu 11* cells were triggered by recombinant 
interleukin 2 (rlL2) to proliferate, produce "y-interferon 
(yIFN), and show enhanced HLA-DR antigen expression, 


HRONIC lymphocytic leukemia (CLL) involving Ty 
cells with the morphology of large granular lympho- 
cytes (LGL) has been described by many investigators" and 
reviewed by Reynolds and Foon.’ Patients with this disease 
have persistently elevated numbers of Ty cells, but their 
clinical courses are less severe than in other T cell malignan- 
cies, and often anemia or neutropenia is the only symptom. 
In healthy persons, the Ty cell population consists almost 
entirely of natural killer (NK) cells, which have the morpho- 
logic characteristics of LGL,*"! produce lymphokines,'?"4 
and regulate hematopoiesis. Thus, study of patients with 
Ty-CLL with NK activity should provide information on the 
origin of NK cells and their spectrum of lysis of specific 
targets, lymphokine production, and stage of differentiation. 
Here we report detailed studies on cells of a patient with T 
cell leukemia of the Leu 11* phenotype showing novel 
activated NK functions. Leukemic cells expressed the Leu 11 
marker, an antigen associated with the Fc-IgG receptor of 
human NK cell. The cells of this patient mediated both 
strong antibody-dependent cell-mediated cytotoxicity 
(ADCC) and NK activity with an unusual specificity spec- 
trum; freshly collected cells lysed not only K562, which is 
highly sensitive to NK cells, but also Raji and Daudi cells, 
which are relatively NK-insensitive B cell lines. Thus, the 
cells had the cytolytic specificity spectrum of the activated 
NK cells, ™” but this spectrum was different from that of 
lymphokine-activated killer (LAK) cells,” because freshly 
collected cells did not lyse cultivated human cancer cells, 
HeLa cells, or fresh cancer cells. Thus, we called this 
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and 30% of the Leu 11* cells became positive for IL2 
receptor antigen (Tac). The spectrum of cytotoxic activity 
of these cells against target cells was extended by riL2; 
after treatment with rlL2, the cells also lysed HeLa ceils 
and even fresh cancer cells. This stimulation also increased 
the activities of acid phosphatase and tartrate-resistant 
acid phosphatase of the cells and resulted in the appear- 
ance of nonspecific esterase activity. The expanded cell 
population may represent a neoplasm, but these findings 
provide information on a novel differentiation stage of 
activated NK cells. 

e 1986 by Grune & Stratton, Inc. 


cytolytic activity partially activated NK function. The acti- 
vated NK features of leukemic cells of this patient suggest a 
novel differentiation stage of human NK cells. 


MATERIALS AND METHODS 


Case report. A 65-year-old man first noticed fatigue and mal- 
aise following exercise in March 1983. In June, 1983, his hemoglobin 
was 50 g/dL, his WBC count was 11,400 cells/uL, his platelet 
count was 19 x I0*/uL, and his lymphocyte count was 10,260 
cells/uL. Physical examination in the same month revealed no 
abnormalities, liver and spleen were normal size, there was neither 
lymphadenopathy nor skin lesions. The delayed cutaneous hypersen- 
sitivity reaction to a purified protein derivative of tuberculin was 
positive. Serum lactic dehydrogenases was within the normal range 
The serum Ig levels were 132 mg of IgM/dL, 1,240 mg of IgG/dL, 
and 289 mg of IgA/dL. Bone marrow aspiration was done; leukemic 
cells were found to constitute 6076 of the nuclear elements Informed 
consent was obtained prior to this study. A diagnosis of CLL was 
made 

In July 1983, the patient was transferred to the Hospital of the 
Research Institute for Microbial Diseases at Osaka University. His 
serum was negative for antibodies to adult T cell leukemia- 
associated antigens (ATLA). The hematologic profile on July 22, 
1983 is shown in Table 1. Leukopheresis of 1 x 10° cells was done 
once every 2 weeks with transfusion of 400 mL of blood; these 
procedures have been continued and, at present (February 1986), 
the condition of the patient is under control, with a WBC count of 
13,300 cells/uL, a platelet count of 9.4 x 10*/uL, and a lymphocyte 
count of 12,635 cells/uL. Chromosomal study showed that the 
patient's karyotype was normal. 

Detection of ATLA antibodies. A test for detection of ATLA 
antibodies” in the patient's serum was done by enzyme immunoas- 
say with nitrocellulose membrane strips blotted with partially puri- 
fied ATLA-related proteins from an ATLV/HTLV producing cell 
line, MT-2? (kindly provided by Dr I Miyoshi, Kotch Medical 
School, Japan). 

Cells and cell fractionation. Peripheral blood mononuclear cells 
(PBMCs) were isolated from heparinized venous blood by Ficoll- 
Paque density-gradient centrifugation. The cells were further sepa- 
rated into a fraction without cells positive for Leu 1 (Leu 1-depleted 
fraction) and a fraction without leukemic cells (Leu 11-depleted 
fraction) by complement-mediated lysis with the respective mono- 
clonal antibodies. The extent of depletion of the respective cells was 
checked by indirect immunofluorescense. Leu 11* cells were sepa- 
rated 1n a FACS IV cell sorter (Becton Dickinson, Sunnyvale, Calif) 
for scanning electron microscopic examination. 
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Table 1. Hematologic Profile 








Parameter Patient Normal 
Red blood cells 
Hemoglobin 8.3* 13.5-17.0* 
Platelets 26.2 x 10*1 13.5 x 10*-37.5 x 10*4 
White blood cells 
Types of leukocytes 
Neutrophils 651 (3) 1,500-6,000 (38-71) 
Lymphocytes 20,941(96.5) 1,000-4,000 (26-46) 
Monocytes 109 (0.5) 0-500 (0-6) 
Total 21,700 4,000-8,400 
Lymphocytes 
Total 20,941 1,000-4,000 
T cells 20,313 (97) (74.3 * 5.6) 
T4 16,962 (81) (27.2 + 5.6) 
B cells 105 (0.5) (12.1 + 5.0) 
Null cells 524 (2.5) 





Numbers in parentheses are percentages. 
*g/dL 
tAbsolute number. 


Surface markers. Test of formations of E rosettes and EAC 
rosettes and for the presence of Fey receptor (EA) and surface 
immunoglobulin were performed as described previously. Exami- 
nation of the stainings of the cells with the monoclonal antibodies 
OKT3, OKT4, OKT6, OKT8, OKMI, OKlal, OKTI1, Leu 1, Leu 
7. Leu 10, Leu 11b, and anti-Tac? (kindly provided by Dr T. 
Uchiyama, Kyoto, Japan) was done by the indirect immunofluores- 
cence test. FITC-conjugated monoclonal antibody, Leu Ila, was 
used for double staining of cells with Leu 11 and anti-Tac. 

Tests of cytolytic activity. NK activity was measured at effec- 
tor-target cell (E-T) ratios of 30:1 and 15:1, in a 4-hour *'Cr release 
assay.’ For examination of ADCC, *'Cr-labeled sheep erythrocytes 
sensitized with rabbit antibody (Ig G fraction) were used as targets 
in a 4-hour test, at E- T ratios of 1:1 and 2:1. For LAK assays,” cells 
were cultured at 2 x 10*/mL with 400 U/mL of rIL2 for 3 days. The 
target cells used were K562, Raji cells, Daudi cells, HeLa cells, and 
cancer cells from the ascites of a patient with ovarian cancer. 
Because these cancer cells were in clusters, they were separated into 
single cells by trypsinization.” 

IL2 response. Comparison of the relative activities of rIL2 and 
standard natural IL2 (500 U/mL: Jurkat) provided under the NCI 
Biological Response Modifier (BRM) Program by measurement of 
the proliferative responses to IL2 of a mouse cell line (NKC3) 
showed that 1 U of rIL2 is equivalent to 100 U of standard IL2.* 
Thus, units of rIL2 are here expressed in terms of units of the 
standard. 

The responses of the cells to rIL2 were examined essentially as 
described previously.?* In brief, samples of 3 x 10° normal PBMCs 
or PBMCs from the patient were suspended in 150 mL of serum-free 
medium. The suspensions were incubated in the presence of an 
appropriate concentration of rIL2, and pulsed with [*H]thymidine 6 
hours before harvest. The stimulation index (SI) is the ratio of 
['H]thymidine incorporation into stimulated and control cultures. 

Interferon (IFN) assay. Mononuclear cells were suspended at 2 
x 10° cells/mL in serum-free medium,” and incubated at 37 °C for 
3 days with 400 U/mL of rIL2. IFN was assayed by measuring 
inhibition of the cytopathic effect of Shindbis virus of FL amnion 
cells. The type of IFN produced by the lymphocytes was determined 
by neutralization tests with anti-alFN, anti-yIFN (Interferon 
Science, New Brunswick, NJ), anti-SIFN (Japan Immunomonitor- 
ing Center Inc, Tokyo, Japan), and acid lability test.” 

Agarose-single-cell cytotoxicity assay. Single-cell cytotoxicity 
assay was performed essentially as described.?? In brief, mixtures 
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Fig 1. Scanning electron micrograph of leukemic cell. Rug-like 
extensions (lamellipodia) are attached to the surface. (Original 
magnification, x 7,000; current magnification x 4,550.) 


of equal numbers of effector and target cells were centrifuged, 
incubated, and then gently resuspended in 1% agarose in RPMI 
1640 at 40 °C. The mixture was immediately plated in a Petri dish 
When the agarose had hardened, it was overlaid with RPMI 1640 
containing 5% fetal calf serum (FCS). After 3-hour incubation, the 
medium was removed, and the plates were stained with trypan blue, 
fixed with 1% formaldehyde, and examined with an inverted micro- 
scope. 

The proportion of effector cells bound to target cells was scored as 
the percentage of conjugate-forming cells (%CFCs). The percentage 
of dead targets in conjugates was determined by counting the 
number of dead target cells in 100 conjugates. The background 
count of spontaneous cell death was determined by counting the 
number of dead target cells in control dishes. The percentage of lytic 
conjugate-forming cells (%LCFCs) was calculated as: the percent- 
age of dead targets in conjugates minus the percentage of sponta- 
neously dead targets x the percentage of dead targets in conjugates 
per 100. The percentage of active killer cells (®AKC) was calcu- 
lated as %CFCs x %LCFCs/ 100. 


RESULTS 


Morphology and cytochemistry. The cells were large 
(12.53 um across), with a high ratio of cytoplasm to nucleus, 
and azurophilic granules in the cytoplasm. On cytochemical 
analysis, acid phosphatase in the cells was seen as scattered 
positive granules throughout the cytoplasm. The cells were 
weakly positive for tartrate-resistant acid phosphatase 


Table 2. Cell Surface Antigen Phenotype of Peripheral Blood 
Mononuclear Cells from Patient 





Cells With Surface 








Antigens (96) 
Surface Marker Patient Normal* 
E 97 74.5 + 5.6 
EA*y 81 27.3 + 5.6 
OKT3 11 67.7 + 87 
OKT4 8 447+7.0 
OKT8 10 24.1 + 6.5 
OKla1 23 8.0 + 4.1 
OKT11 82 73.5 + 5.3 
OKM1 11 94-72 
Leu 1 12 71.0 + 7.0 
Leu 7 0 15.8: 3.9 
Leu 11b 81 15.4 + 3.4 
Tac 0 5.6 + 1.8 





* Values are mean percentages of reactive cells + SD (n — 10) 


848 


TAGAWA ET AL 








Table 3. Changes in Expression of Surface Antigen of Patient's Cells After Stimulation With riL2 
Freshly 

Monoclonal Separated (i2 PHA (1 ug/mL) + yiFN 

Antibodies Cells (400 U/mi} riL2 (400 U/mL) (10* U/mL) 
OKla1 (HLA-DR) 23 £2 94 28 
Leu 10 (HLA-DC) 15 £8 84 ND 
TAC (iL2 receptor) 0 26 68 (0) 
Leu 11 (NK cells) 82 €3 70 ND 
Tac/Leu 11 30 80 





riL2, recombinant interleukin 2; PHA, phytohemagglutinin; yIFN, gamma interferon. 
*Because the expression of Tac antigens were low when macrophages were depleted, peripheral blood mononuclear cells not depleted of 


macrophages were used. 


(TRAP), but they contained no detectable nonspecific ester- 
ase. After stimulation with rIL2 (400 U/mL) for 2 days, 
their acid phosphatase activity increased, their TRAP 
became intensely positive, and nonspecific esterase became 
detectable. 

Electron microscopic examination showed tubular struc- 
tures in parallel tubular arrays in the cytoplasm, which are 
characteristic of Ty cells." ? Scanning electron micrography 
(Fig 1) showed lamellipodia? in the leukemia cells. These 
peculiar structures were also seen in ~10% of PBMCs of 
normal persons. Examination of the fraction of Leu 11* cells 
separated from PBMCs of a healthy subject showed that 
many of them (78%) had this structure. Thus, lamellipodia 
are commonly present on normal and leukemic Leu 11* 
cells. 

Marker analysis of lymphocytes. Relevant results of 
surface marker studies of freshly separated cells from our 
patient are listed in Table 2. The leukemic cells were Leu 11* 
and OKTI11*, but OKT3'. After stimulation with rIL2 in 
vitro, the percentage of cells expressing HLA-DR antigens 
increased from 23% to 82% (Table 3). At the same time, 30% 
of the Leu 11* cells became positive for Tac antigen, as 
shown by double staining. We next studied whether the 


Table 4. Response to riL2 





Stimulated With 





Subject/Parameter Not Stimulated riL2 (400 U/mL) 
Patient: PBMCs 
(3 x 10? cells 
per well) com 11,679 + 2, 116* 84,687 + 2,728 
SI 7a 


Patient: Leu 1-de- 
pleted fraction 
(3 x 10° cells 
per well) cpm 
Si 


4,030 + 831 111,890 + 3,672 


27.7 


Normal controls: 
PBMCs 
(3 x 10° cells 
per weil) com 
SI 


4,080-5,919 18,045-31,988 


3.0-7.8 





PBMCs, peripheral blood mononuclear cells; riL2, recombinant inter- 
leukin 2. 

The proliferative response to riL2 was determined on day 3, 6 hours 
after addition of 1 Ci of ['H]thymidine to cultures. 

*Means + SD for triplicate cultures. 


enhanced expression of HLA-DR antigen was the direct 
effect of rIL2 or was mediated by yIFN. Results showed that 
addition of sufficient recembinant yIFN without IL2 did not 
enhance expression of HLA-DR antigen. Thus, the enhance- 
ment seemed to be due tc a direct effect of rIL2. 

Proliferation of the patient's lymphocytes in response to 
riL2. The proliferative responses of cells to rlL2 are sum- 
marized in Table 4. The proliferation of the patient's cells 
without stimulation was twice that of cells from healthy 
individuals. After r1L2 stimulation, the SI of the patient's 
cells became 7.3 in 3 days. Moreover, the proliferative 
response of the Leu l-depleted cells of the patient's cell 
fraction, most of which were Leu 11^ cells, was much greater 
than that of PBMCs from normal persons. This finding 
suggested that Leu 11* cells respond to rIL2 (Table 4). 

IFN production by the patient's lymphocytes in response 
to rIL2. Results on IFN production by PBMCs from the 
patient in response to rIL2 are shown in Table 5. IFN 
production by PBMCs from four healthy persons was also 
measured for comparison. The antiviral activity in the super- 
natant fluids appeared to be y1FN because it was inhibited at 
pH 2.0 and was inhibited completely by anti-y IFN antise- 
rum but was not affected by anti-a or anti-8 IFN antiserum 
(Table 6). 

Spectrum of specificity of the cytolytic activity of the 
patient's cells and its enlargement after stimulation with 
riL2. Freshly collected cells from the patient lysed not only 
highly NK-sensitive target K562 cells, but also Raji and 
Daudi cells, which are nct sensitive to NK (Table 7). After 
stimulation with rIL2 in vitro for 3 days, the cells were able 
to lyse HeLa cells and fresh cancer cells. The Leu 1-depleted 
fraction of the cells still showed this spectrum of lytic activity 
against these target cells, suggesting that Leu 11* leukemic 
cells are responsible for this activity. The cytotoxic activities 


Table 5. IFN Production by Cells from Patient 
After Stimulation With riL2 











IFN (U/mL) 
Donor 3 Days 6 Days 
Patient 607 607 
Normal controls {n = 4) 
mean + SE 270.25 + 126.15 472.75 + 251.55 





in a preliminary study, interferon (IFN) production by cells from the 
patient reached a plateau when > 100 U/mL of recombinant interleukin 2 
(ri.2) was added to 2 x 10 celis/mL. Therefore, IFN production on 
stimulation with 400 U/mL of rlL2 was measured. 
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Table 6. Characterization of IFN Produced by Cells From Table 8. Reproducibility of Data on Cytotoxicity of 
Patient After Stimulation with rIL2 Cells From Patient 
Residual IFN Activity Percentage of Cytotoxicity of Fresh Cells LAK (96) 
Treatment (Percentage of Control) Date of 

Sampling* K562 Raj HeLa HeLa 
d 100 7/11/84 72.4 69.1 9.2 74 1 
Pp e 4/26/85 732 58.8 13.3 80.6 
PE N 199 8/23/85 76.3 680 14.5 75.4 
Ann yee Q 10/30/85 79.8 487 155 85.7 

pH20 «1 





Abbreviations as in Table 5. 


of cells collected at four subsequent times were also exam- 
ined. Results indicated that the activated NK function and 
the appearance of LAK activity against HeLa cells on 
stimulation with rIL2 were reproducible (Table 8). In addi- 
tion, freshly collected cells mediated ADCC against anti- 
body-coated sheep erythrocytes. No phagocytosis of these 
erythrocytes by lymphocytes was observed, however. 

Studies on cytotoxic activity at the single cell level. As 
shown in Table 9, >50% of the peripheral lymphocytes of the 
patient bound not only to the NK-sensitive target cells K562, 
but also to the NK-resistant target, Raji and Daudi cells. 
After incubation for 3 hours, most CFCs had lysed the target 
cells. In contrast, 10% to 14% of the peripheral lymphocytes 
from healthy donors bound to these targets, and 29.2%, 
13.1%, and 8.4% of the CFCs lysed K562, Raji, and Daudi 
cells, respectively. 

The %AKCs among cells of the patient varied little with 
different targets, being 39.8, 34.3, and 36.6 with K562, Raji, 
and Daudi cells, respectively. In contrast, the %AKCs in 
normal peripheral lymphocytes varied with different targets, 
the mean percentage with these targets being 2.2%, 1.8% and 
1.1%, respectively. For detection of the proportion of Leu 
11* cells in CFCs, lymphocytes of the patient were treated 
with FITC-conjugated Leu 11a, and the percentage of CFCs 
against each target in the resuspended materials without 
added agarose was determined in an immunofluorescence 
microscope. Most of the CFCs against each target (>98%) 
were Leu 11* cells. On stimulation with rIL2, the %CFCs 
and %AKCs of the leukemic cells against each target 
increased (data not shown). 





LAK, lymphokine-actvated killer cells. 

Cells were collected at four different times The E:T ratio was 30:1 in 
all experiments. Results are means for triplicate measurements SDs did 
not exceed 596. 

*Frozen cells were used in these experiments. 

+For LAK assays, cells were cultured at 2 x 10°/mL with 400 U/mL 
of rIL2 for 3 days. 


DISCUSSION 


Phenotypic studies of cases of Ty lymphoproliferative 
diseases (Ty-LPD) by Rambaldi and colleagues“ showed 
that cells from at least 2 of 11 patients were Leu 11* (B73.1). 
Similarly, we found that 2 of 3 patients were Leu 11*. Thus, 
it is likely that many cases of Ty-LPD are Leu 11* Cells 
from most cases with the Leu 11* phenotype** were positive 
for OKT3, an antigen associated with the T cell antigen 
receptor. In contrast, cells from the present patient were Leu 
11+, but OKT3-. An interesting finding was that the freshly 
isolated cells with the Leu 11* and OKT3* phenotype from 
this patient showed activated NK function. No leukemia 
cells with this function have been reported previously, and 
peripheral unstimulated NK cells from normal persons do 
not mediate this activated NK function. 

In determining whether the cytotoxic spectrum character- 
istics of activated NK cells'of this patient was attributable to 
the leukemic cells, which constituted most of the population 
of peripheral blood lymphocytes, or to the small proportion of 
residual normal lymphocytes, it was insufficient to consider 
only the overall cytotoxicity parameters. However, with an 
assay for detection of single cytotoxic INK cells, originally 
developed by Grimm and Bonavida,” the overall cytotoxicity 
could be separated into its component parts of effector cell 
frequency and target cell lysis per effector. The assay showed 


Table 7. Specificity Spectrum of Cytotoxic Activity of Patient's Cells 





Percentage of Cytotoxicy 





K 
Treatment of Target K562 


Target Ovarian 


Target Raj Cell Target. Daudi Cell Target HeLa Cell Cancer 








Donor Effector Cells E.7.30:1 E.T 15.1 E.T.301 ET 15:1 E.T.30:1 ET 15 1 ET 30.1 E.T 15 1 E.T 30.1 ET 15.1 
Patient None 704 674 63.0 552 89.7 873 8.5 62 9.6 53 
Patient Cultured for 3 days with riL2 (400 

U/mL) 83.0 854 98.5 990 93.5 94 7 66.8 62.8 207 203 
Patient Cultured for 3 days with riL2 (400 

U/mL), then depleted of the 

Leu1*-fraction 80.9 80.9 994 99 3 952 95.4 65.6 64.7 19.8 185 
Normal donor None 64.9 43.5 7.2 25 13.1 113 0.1 —1.2 10 0.05 
Normal donor Cultured for 3 days with riL2 (400 

U/mL) 58.3 51.8 52.6 243 91.8 63.5 980 686 174 148 





Abbreviations as in Tables 4 and 5. 


Results are means for triplicate determinations. SDs did not exceed 5% in each experiment. PBMCs from the patient depleted of macrophages and 


adherent cells were used as effector cells 
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Table 9. Capacity of Patient's Peripheral Lymphocytes to Bind to and Kill Targets 














Target Cells 
K562 Cells Ray Cells Daudi Cells 
Source , 
of Cells 96CFCs* %LCFCst 96AKCst 96CFCs 96LCFCs 96AKCs 96CFCs 96LCFCs %AKCs 
Patent 52 76 5 39.8 57 60 1 343 53 69 1 36.6 
Controls|| 103 + 1.7 20.2 + 8.5 22414 137+19 131+86 18+13 117412 84241 1120.5 





*96CFCs, percentage of conjugate-forming cells 
196LCFCs, percentage of lytic conjugate-forming cells 
$96AKCs, percentage of active killer cells 


SResults are means for tnplicate determinations in one of three experiments that gave similar results SDs were «596 of mean values 


[Mean percentages + SD for three experiments on cells from different individuals 


that AKCs in the cells of the patient exceeded 30%, whereas 
AKCs in cells from normal donors ranged from 1.1% to 2.2% 
with different targets. These findings support the hypothesis 
that the large population of Leu 11* cells among the 
leukemic cells of the patient, not the minor population of 
residual normal cells, mediated the activated NK function. 

The lytic specificity spectrum of the cells of the patient is 
different from that of normal NK cells and the normal Leu 
11* subset.'*?° The culture of normal Leu 11* cells with 
K562% or IL2 in vitro can give rise to NK cells with this 
spectrum of lytic activity. Phillips and Lanier? designated 
NK cells with activated NK function as NK cells in a 
differentiation stage of NK cells. The Leu 11* leukemic cells 
of this patient may be due to clonal expansion of this novel 
differentiation stage of NK cells that has never been recog- 
nized in vivo before. 

Four changes in parameters of the cells in response to rIL2 
stimulation were observed. One was expansion of the cyto- 
toxic spectrum of the leukemic cells. This phenomenon has 
not been reported previously. A second was increase in the 
activities of enzymes in azurophilic granules. A third was 
expression of HLA-DR antigens on the surface of the cells. 
In macrophages, yIFN is reported” to play a key role in the 
induction of HLA-DR antigens. In contrast, in the Leu 11* 
leukemic cells, we obtained evidence that the enhancement 
was due to a direct effect of rIL2. A fourth change was in Tac 
antigen expression. It is interesting that Tac antigens, which 
are now considered to be IL2 receptor molecules,” were not 
expressed on freshly collected cells, but were expressed de 
novo on Leu 11* cells in response to rIL2 in vitro. 

There are at least two possible explanations for this 
finding. One is that the number of IL2 receptors expressed on 
one cell is too small to be readily detectable with anti-Tac 
monoclonal antibody by indirect immunofluorescence. Alter- 
natively, cells may possess a distinct IL2 receptor that cannot 
react with antibody against the Tac epitope. The latter 
possibility is supported by reports that Tac-antigen negative 
cell subsets of normal peripheral lymphocytes such as LGL,” 
Leu 11* cells,” and T cells? respond to IL2 and that 
anti-Tac antibody does not inhibit the increase of NK 
activity induced by rIL2.9?? 

Unlike those in other reports,“ the cells of our patient 
produced yIFN. In contrast to the report of Hooks and 
colleagues," yIFN production by the cells was not sponta- 
neous, but was regulated by IL2. Zoumbus and co-workers?! 
found that both a and yIFN are mediators of hematopoietic 
suppression in aplastic anemia. In patients with aplastic 


anemia, the IFN levels in the bone marrow are high, 
although circulating IFN is not always detected. Thus, in our 
patient, the yIFN produced by Leu 11* cells in the bone 
marrow may cause pancytopenia, although IFN was not 
detected 1n serum samples. 

The cells of our patient had lamellipodia,? which were 
previously reported to be characteristic of activated T cells. 
The leukemic cells with the phenotype of Leu 11* and Leu 
7*, which we reported previously also had lamellipodia. 
These findings suggested that lamellipodia might be charac- 
teristic of Leu 11* cells. To investigate this possibility, we 
examined the morphology of normal Leu 11* cells obtained 
with a cell sorter. Scanning electron microscopy showed that 
~10% of PBMCs had lamellipodia. Macrophages could be 
excluded in SEM studies, and most of the Leu 11* cells 
examined were found to have lamellipodia. Thus, we con- 
firmed that the SEM feature of lamellipodia is commonly 
present on normal and leukemic Leu 11* cells (Inoue et al, 
manuscript in preparation). 

Recently, DNA sequences coding for the 8 chain of the T 
cell receptor (T8) have been isolated.? Waldmann and 
co-workers? found that the patterns of TB gene rearrange- 
ment can be used to identify the lineage and clonality of 
human lymphoid neoplasms. Among patients with Ty-LPD 
examined, T3-positive patients showed TÓ gene rearrange- 
ment, ^*^ whereas T3-negative patients did not. More- 
over, Lanier and co-workers observed that the TG gene was 
not rearranged in Leu 11* cells from normal PBMCs.5 
Thus, the cell lineage of T3-negative cases such as that of the 
present patient requires further characterization. 

Our patient with Ty-CLL had cells that showed many 
features of activated NK, and remained responsive to rIL2. 
The pathogenesis of this lymphocytic disorder is unknown. 
This study provides more precise information than that 
which could be obtained from normal heterogeneous NK 
cells on a maturation stage of activated NK cells that has not 
previously been recognized in vivo. 
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Purification and Functional Evaluation of Mature Neutrophils 
From Human Bone Marrow 


By Roger L. Berkow and Robert W. Dodson 


Human myeloid maturation proceeds within the bone mar- 
row and results in a mature neutrophil that is released into 
the peripheral circulation. Previous reports have indicated 
that neutrophils from bone marrow demonstrate 
decreased adherence, impaired phagocytosis, and de- 
creased nitroblue tetrazolium dye reduction when stimu- 
lated. Due to lack of a suitable method for isolating purified 
bone marrow neutrophils, these studies have been per- 
formed by microscopic techniques. We now report a 
method for isolating 1 x 10? neutrophils [bands plus 
polymorphonuclear leukocytes (PMNs)] from 10 mL of bone 
marrow aspirate sample. By means of a discontinuous 
Percoll-gradient centrifugation through densities of 1.085, 
1.095, and 1.10 g/mL a leukocyte-rich suspension of bone 


EUTROPHIL maturation is characterized by the 
sequential appearance of primary and secondary gran- 
ules, increased nuclear segmentation, and release of the 
mature polymorphonuclear leukocytes (PMNs) from the 
bone marrow (BM) into the peripheral circulation.’ On 
interaction with various agents, the circulating PMNs can be 
activated to adhere to surfaces; move or chemotax,? 
phagocytize opsonized particles, reduce molecular oxygen to 
toxic species,’ release granule contents,’ and aggregate. The 
development of these functional responses permits the PMNs 
to protect the host effectively against invading organisms. 

Previous reports have indicated that neutrophils from BM 
demonstrate decreased adherence to surfaces, are poorly 
deformable, have an impaired ability to phagocytize opso- 
nized particles, and a decreased oxidative burst upon stimu- 
lation.” In addition, neutrophil alkaline phosphatase (AP) 
activity has been shown to be decreased in myeloid cells 
isolated from BM as compared with those found in the 
peripheral blood (PB).'-? This membrane-bound enzyme is 
believed to be an indicator of neutrophil maturity." 

Due to lack of a suitable method for isolating large 
quantities of purified BM neutrophils, many studies investi- 
gating the maturation of neutrophil function have been 
performed by microscopic techniques, using mixed leukocyte 
suspensions derived from BM aspirate samples or dried 
smears of the BM sample."? To circumvent this problem and 
permit biochemical measurements of PMN functional matu- 
ration, studies have been performed on myeloid cells isolated 
from patients with acute and chronic myelogenous leukemia, 
or using the HL-60 promyelocytic leukemia cell line, which 
can be induced to differentiate toward mature granulocytes 
when treated with dimethyl sulfoxide or retinoic acid. 7? 
These studies have demonstrated that immature neutrophilic 
forms have deficient phagocytic capacity, lower oxidative 
burst, impaired bacterial killing, and decreased chemotaxis 
as compared with equal numbers of mature circulating 
neutrophils.??€ Studies with HL-60 cells have shown that 
neutrophilic functional responses are deficient in the unin- 
duced cells but, as differentiation proceeds, alterations in 
surface proteins and receptors occur that are accompanied 
by increased physiologic responses.'*”* The abnormal nature 
of these cells, however, makes it difficult to relate these 
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marrow can be separated into three leukocyte layers. By 
combining the lower two leukocyte layers (M2/3), a popu- 
lation of neutrophils consisting of 26% bands and 63% 
PMNs is seen. When compared with peripheral blood 
PMNs, these bone marrow neutrophils had a lower alkaline 
phosphatase activity, decreased ingestion of Oil Red O- 
coated particles, impaired superoxide release on stimula- 
tion with the chemotactic peptide Fmet-leu-phe (FMLP) or 
the tumor promotor phorbol myristate acetate (PMA), and 
less activity of the NADPH-dependent oxidase. These 
results indicate that morphologically mature neutrophilic 
cells within the bone marrow exist in a still functionally 
immature state. 

e 1986 by Grune & Stratton, Inc. 


findings to the maturation of functional events in normal BM 
myeloid cells. In addition, most of these studies have not 
adequately evaluated the functional nature of the mature 
(band plus PMNs) BM neutrophil. 

In this article, we describe a method for isolating large 
numbers of purified mature (band + PMNs) and immature 
(blasts, myelocytes, and metamyelocytes) neutrophilic cells 
from BM. The ability to isolate 10* mature neutrophils from 
a 10-mL BM aspirate sample permitted us to use biochemi- 
cal techniques to demonstrate that morphologically mature 
neutrophils from the BM have decreased phagocytosis, 
slower superoxide anion generation on stimulation, 
decreased NADPH oxidase activity, and less AP activity 
than do neutrophils isolated from the PB of the same donor. 


MATERIALS AND METHODS 


Materials used in these studies include Dextran and Percoll 
(Pharmacia, Piscataway, NJ); acid citrate dextrose formula A 
(ACD) (Fenwall Labs, Deerfield, Ill); F-met-leu-phe, cytochrome 
C, superoxide dismutase, N-ethyl-maleimide, p-nitrophenyl phos- 
phate, guaiacol, Oil Red O, nitroblue tetrazolium dye, L-propanol, 
Folin and Ciocalteu’s phenol reagent, dimethyl sulfoxide, Triton 
X-100, NADPH (Sigma, St Louis); Phorbol myristate acetate 
(Consolidated Midland Corp, Brewster, NY); E coli lipopolysac- 
charide (Difco, Detroit); and arachidonic acid (Nuchek Prep Inc, 
Elysian, Minn). 

Gradient preparation. lsoosmotic Percoll solutions with densi- 
ties of 1.10, 1 095, and 1085 g/mL were prepared from Percoll 
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(density 1.30 g/mL), 10 x phosphate-buffered saline (PBS), and 
distilled water, according to instructions supplied by Pharmacia." 
The pH of these solutions was adjusted to 7.4, and then was 
filter-sterilized. Discontinuous gradients were made by the addition 
of these solutions to 15-mL polypropylene centrifuge tubes. The 
bottom layer consisted of 4 mL of the 1.10 g/mL Percoll solution 
Two additional layers of 3 mL each with a density of 1.095 and 1.085 
g/mL were then carefully applied. All solutions were allowed to 
come to room temperature prior to centrifugation. 

Neutrophil preparation. Isolation of mature neutrophils from 
the PB or BM of healthy volunteers was performed simultaneously. 
Our research was performed in accordance with the Declaration of 
Helsinki and the University of Alabama at Birmingham Committee 
for Human Investigations. After appropriate skin cleansing, 10 mL 
of BM was aspirated from the posterior iliac crest into a syringe 
containing 1 7 mL of ACD. Slides were prepared for differential 
counts and the remaining BM was diluted to 20 mL with 0 9% NaCl 
This cell suspension was forced through needles with decreasing 
internal diameter (19, 20, and 21 gauge) to disrupt any remaining 
fragments. Five milliliters of 6% Dextran (70) in 0.9% NaCl was 
added to allow erythrocyte sedimentation. After 60 minutes at 25 °C 
the leukocyte-rich supernatant (LRS) was removed and centrifuged 
at 400 g at 4 °C; the supernatant was discarded, and the pellet was 
suspended with 8 to 10 mL of 0.9% NaCl. 

For the isolation of neutrophils from PB, the following modifica- 
tions were made. Whole blood (45 mL) was obtained by venipunc- 
ture, anticoagulated with 14.5% ACD, and mixed with 10 mL of 
Dextran as described. The leukocyte-rich supernatant (LRS) was 
removed after 1 hour at 25 °C and centrifuged as described. The 
pellet was suspended in 0.9% NaCl to form a leukocyte suspension. 

Four to 5 mL of the leukocyte suspension, containing ~5 x 10’ 
nucleated cells/mL, obtained from BM or PB was layered over the 
temperature-equilibrated discontinuous Percoll gradient and centri- 
fuged at 700 g at 25 °C for 30 minutes in a swinging bucket rotor in a 
Beckman TJ-6R centrifuge The rotor speed was allowed to develop 
slowly, and no brake was used at the completion of the centrifuga- 
tion. Three leukocyte bands appeared. These were removed with a 
polypropylene transfer pipette and washed in 0.9% NaCl. Due to the 
presence of small amounts of erythrocyte contamination in the BM 
leukocyte bands, all bands were exposed for 20 seconds at 25 °C to 
distilled water for lysis of erythrocytes, with reconstitution of 
osmolarity with 35% NaCl Peripheral blood neutrophils were 
similarly treated. The cells were then washed twice in PBS with 1 
mmol/L of CaCl, 1 mmol/L of MgSO, and 1 mg/mL glucose 
(KRPG) and resuspended for study. 

Cell number and morphology Cell number and volume were 
determined as previously described? using a Coulter model ZF cell 
counter connected to a Coulter 1000 channelyzer equipped with an 
XY recorder Morphology was determined from Wright’s stained 
cytocentrifuge preparations All differential counts were of 200 cells 
performed in duplicate. 

Superoxide release. Neutrophil superoxide anion (O,~) release 
on stimulation with the chemotactic peptide, F-met-leu-phe 
(FMLP); the tumor promotor, phorbol 12-myristate 13-acetate 
(PMA); or serum-treated zymosan was determined by the superox- 
ide dismutase (SOD)-inhibitable reduction of ferricytochrome C by 
the method of Babior and co-workers? to determine cumulative O,~ 
release, or by the method of Cohen and Chovaniec? to assess the 
kinetics of O,~ production. O,~ release was calculated using our 
previously described extinction coefficient.” 

Activity of the NADPH-dependent oxidase was determined by 
the SOD-inhibitable reduction of ferricytochrome C ın a cell-free 
neutrophil sonicate incubated with 82 umol/L of arachidonic acid in 
the presence of NADPH, according to the methods of Curnutte?? 
and McPhail and colleagues.” 
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Neutrophil enzyme content The cell content of the neutrophil 
membrane constituent AP was determined by the method of 
DeChatelet and Cooper using p-nitrophenyl-phosphate as the sub- 
strate." The assay time was 30 minutes. The results obtained are 
expressed as micromoles of p-nitropheny! phosphate hydrolyzed for 
each 30 minutes per milligram of protein. Protein content was 
determined by the method of Lowry and colleagues.*4 

The primary granule canstituent myeloperoxidase (MPO) was 
determined by our previously defined method using the oxidation of 
guaiacol by myeloperoxidase ın the presence of hydrogen peroxide. 
The change in absorbance was followed at 470 nm at 25 °C. Results 
are expressed as micromoles of guaiacol oxidized per minute per 
milligram of protein. 

Neutrophil phagocytosis Neutrophil phagocytosis was deter- 
mined by the ingestion of Oil Red O-coated lipopolysaccaride 
particles opsonized with pooled human serum according to the 
method of Stossel ? The reaction time was 5 minutes at 37 °C, 
results are expressed as milligrams of ORO per 1 x 10' PMNs/5 
min All assays were performed in triplicate. 

Statistical analysis was made by Student's 1 test of paired data, 
using a two-tailed evaluation 


RESULTS 


Isolation of bone marrow neutrophils. Figure 1 reveals 
the appearance of the Percoll gradient before and after 
centrifugation of the LRS obtained from BM aspirates. Four 
cell bands appeared (Table 1). M1, at the interface of the 
saline and 1.085-g/mL layer, contained 37% myelocytes, 
promyelocytes, and blasts, and 30% metamyelocytes with 
only 15% mature neutrophils (band form plus segmented 
PMNs). M2, at the interface of the 1.085-g/mL and 1.095- 
g/mL layers covered ~5 to 8 mm of the gradient. It 
contained 90% mature neutrophils and accounted for 69.9% 
of the total mature neutrophils isolated from the combined 
M2/M3 fraction. Also seen in the M2 layer were 6% 
metamyelocytes, 2% myelocytes, and 2% mature eosinophils. 
M3, at the interface of the 1.095- and 1.10-g/mL layers 
covered ~5 mm, contained 91% mature neutrophils, and 
accounted for 30.1% of the mature neutrophils in the com- 
bined M2/M3 fraction. Also contained in the M3 layer were 
1% myelocytes, 2% metamyelocytes, 5% eosinophils, and 1% 
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Fig 1. Diagram of Percoll gradient before centrifugation and 
the distribution of bone marrow leukocyte layers after centrifuga- 
tion. 
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Table 1. Percentage of Cell Types in Bone Marrow Fractions 











Yield P + B 
F My MM B P Eos Ly o (96 from LRS) 
M, 37 30 11 4 ND 14 4 14.6 


M2 2 6 33 57 2 ND ND = 
M; 1 2 12 79 5 ND 1 = 
Maya 2 5 26 63 4 ND ND 689 
LRS 14 16 16 31 2 6 15 100.0 








F, bone marrow fraction, My, myelocyte; MM, metamyelocyte, B, 
band form, P, polymorphonuclear leukocytes; Eos, eosinophil (mature); 
Ly, lymphocyte, O, other (erythrocyte precursors, myeloblasts); ND, none 
detected, LRS, leukocyte-rich supernatant. Results are the mean of nine 
separate separations. 


nucleated erythroid precursors. M4 was represented as the 
RBC pellet that contained variable numbers of leukocytes. 
To obtain the greatest yield of mature neutrophils, the M2 
and M3 layers were combined. This combined layer con- 
tained 89% mature neutrophils, 4% eosinophils, 5% meta- 
myelocytes, and 2% myelocytes and yielded a mean of 1.2 + 
0.2 x 10* mature neutrophils/ 10 mL of BM aspirate sample. 
The M2/M3 fraction was used in all further studies and is 
referred to as BM neutrophils. These were noted to be 99% 
viable by exclusion of 0.2% (wt/vol) trypan blue and repre- 
sented 68.9% of the mature neutrophils present in the LRS 
applied to the gradient. 

When the LRS of PB was subjected to the same discontin- 
uous Percoll-density centrifugation, three distinct leukocyte 
bands were observed that corresponded in position to the BM 
bands already described. Lymphocytes and monocytes were 
confined to the PB, layer. PB, contained 95% PMNs and 5% 
band forms and was most frequently of low yield. The PB, 
layer was noted to contain 95% PMNs, 4% eosinophils, and 
1% band forms. The PB, layer containing the RBC pellet was 
noted to have variable numbers of eosinophils with minimal 
contamination by PMNs. As with the BM, the PB, and PB, 
layers were combined and yielded 1 to 2 x 10* mature 
neutrophils/100 mL of whole blood initially obtained. Via- 
bility was always >99%. 

Neutrophil volume. We previously reported that PB 
PMNs can be separated into at least six fractions based on 
differences in mean cell volume.” To determine if volume 
variation in PB PMNs could be related to PMN age we 
assessed cell volume, as described in the Materials and 
Methods section, in the BM and PB neutrophils. Although 
the M2 fraction appeared to be slightly larger than PB 
neutrophils, when the M2/M3 fraction was compared with 
PB neutrophils, no consistent difference in volume was 
detectable (data not shown). 

Neutrophil enzyme content. Based on histochemical 
staining, it has long been established that the AP content of 
BM neutrophilic cells is less than that of PB cells.'*'? This 
has also been demonstrated by the observation that biochem- 
ically measured neutrophil AP decreases in the PB after 
administration of corticosteroids to release the BM neutro- 
phil pool.” Figure 2 shows that Percoll-purified BM PMNs 
isolated as described in the Materials and Methods section 
have 45% + 4.4% of the biochemically measured AP activity 
as is noted in the PB neutrophils (P < .001). 
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Fig 2. {@, Alkaline phosphatase activity; F3, myeloperoxidase 
activity; and M, oil red O phagocytosis rate of bone marrow 
neutrophils isolated as described in the Materials and Methods 
section. Results are expressed as a percentage of the peripheral 
blood value: 100% values represent 1.07 + .11 zmol/30 min/mg of 
protein, .657 + .085 umol/min/mg of protein, and .397 + .082 mg 
ORO/10! PMNs/5 min for alkaline phosphatase, myeloperoxidase, 
and phagocytic rate, respectively. Mean + SEM, n = 7 to 10. 


Koeffler and co-workers, using the HL-60 promyelocytic 
leukemic cell line, showed that synthesis of the primary 
granule constituent myeloperoxidase decreased as the cell 
matured.^? This may imply that BM neutrophils, being less 
mature than circulating neutrophils, should have greater 
MPO activity than PB neutrophils. Figure 2 reveals no 
difference between these populations in MPO activity, which 
indicates that MPO synthesis is complete by the time the 
neutrophilic cells reach the band form stage of development, 
and degradation of activity does not accompany further 
maturation. 

Phagocytosis by bone marrow neutrophils. Altman and 
Stossel reported that neutrophilic cells within the BM have a 
decreased capacity to ingest particles compared to neutro- 
phils from PB.? These data are supported by the observation 
of decreased phagocytosis by leukemic myeloid cells.?^? 
Figure 2 shows that when ORO-coated lipopolysaccharide 
particles that had been opsonized with human serum were 
used, BM neutrophils ingested 59.5% + 4.6% of the milli- 
grams of Oil Red O as did PMNs from PB (P « .01). 

Release of superoxide anion. By examining whole BM 
samples, Zakhireh and Root showed that immature neutro- 
phils from BM had decreased reduction of nitroblue tetrazo- 
lium dye, indicating a decreased oxidative capacity. No 
study has directly evaluated the superoxide release of mature 
neutrophils isolated from BM. 

Table 2 shows that BM neutrophils released 23.3%, 34.9%, 
and 24.0% of the O,” released by similar numbers of PB 
neutrophils, in a 5-minute assay, when 1075, 1077, and 107° 
mol/L of FMLP, respectively, was the stimulant. To deter- 
mine if the decrease in O,7 release observed was due to a 
delay in initiation of the respiratory burst or due to an altered 
maximal velocity and duration of O,” release we assessed the 
kinetics of O,~ release. Figure 3 shows that in a representa- 
tive experiment the lag time to initiation of the respiratory 
burst was similar for both BM and PB neutrophils. BM 
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Table 2. Release of O,- by PB and BM Neutrophils With 
FMLP as Stimulant 








FMLP PB BM 
1 x 1075mmol/L 219228 51+ 1.0* 
1 x 107"mmol/L 18.3 + 246 6.4 + 3.4* 
1 x 1075mmol/L 73230 1.8 + 0.6 








FMLP, F-met-leu-phe; PB, peripheral blood; BM, bone marrow. 

Nanomoles of 0,-/2 5 x 10° neutrophils/5 minutes; M + SEM; n = 3 
to 9. 

*P < .05 v PB, paired t test. 


neutrophils, however, demonstrated a slower maximal rate of 
O,~ production regardless of the concentration of FMLP 
used as the stimulant. Also apparent from Fig 3 is that the 
duration of O,” release (time to reach plateau) was the same 
for both BM and PB neutrophils. These data indicate that 
the slower O,~ release noted in BM neutrophils stimulated 
with FMLP was not overcome by increasing the agonist 
concentrations and that the initiation and termination of the 
respiratory burst was the same for BM and PB neutrophils. 
To determine if the impaired O,” release by BM neutro- 
phils was unique to the agonist used or due to an intrinsic 
cellular defect, we assessed the respiratory burst induced by 
the tumor promotor, PMA, an agonist that activates neutro- 
phils by a different biochemical mechanism than that of 
FMLP.*-? Figure 4 shows a representative experiment 
which revealed that, as with FMLP, BM neutrophils stimu- 
lated with PMA have a slower rate of O,~ release (48% to 
60% of PB neutrophils), regardless of the concentration of 
stimulant used. The maximal rate of O,~ release of BM and 
PB neutrophils is noted in the inset to Fig 4. Although the 
duration of O,~ release of BM neutrophils stimulated with 
PMA was slightly longer than for PB neutrophils (as shown 
in Fig 4), allowing the reaction to proceed for times up to 30 
minutes did not alter our findings. Lag time to initiation of 
O7 release was not significantly different between BM and 
PB neutrophils, 58.5 + 7.9, 84.25 + 18.0 and 194 + 12.5 
seconds v 58.5 + 7.9, 76.5 + 19.5 and 218 + 18.2s at 5, 2.5 
and 1 x 1078 mol/L of PMA, respectively, for BM and PB 
neutrophils (M x SEM, n- 5). In addition, we also 
observed a similar slowing of O,” release when serum- 
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treated zymosan particles were used as the stimulus (data 
not shown). 

Because activation of the NADPH-dependent oxidase 
represents the final pathway for the reduction of molecular 
oxygen to O,” by all neutrophil agonists, ^*^! we measured 
the activity of this enzyme system 1n cell-free neutrophil 
sonicates in the presence of arachidonic acid and NADPH. 
Figure 5 shows that BM neutrophils contained only 47% of 
the NADPH-dependent oxidase activity as did PB neutro- 
phils (4.40 + 0.4 v 9.36 + 1.20 nmol O;^/min/mg of cell 
protein for BM and PB neutrophils, respectively, M + SEM, 
n - 9). 

Based on these results, it is likely that a deficiency of 
NADPH oxidase activity in BM neutrophils is the cause of 
the slower rate of O,” release noted. To determine if the 26% 
band forms in the BM neutrophil suspension or a subpopula- 
tion of BM-segmented PMNs were not effectively producing 
O;* on stimulation, we assessed the reduction of nitroblue 
tetrazolium dye on addition of PMA (2.5 and 5.0 x 1078 
mol/L) by BM neutrophils that were adherent to glass slides. 
We observed that in the adherent cells, band forms still 
represented 25% to 30% of neutrophilic cells. Although BM 
neutrophils were noted to have fewer blue-black granules per 
cell than did PB neutrophils, 96% of BM neutrophils demon- 
strated reduction of the dye (data not shown). 


DISCUSSION 


In a previous publication, we reported that PB PMNs 
could be separated, by counterflow centrifugal elutriation, 
into at least six fractions that had increasingly larger mean 
peak volumes. We demonstrated that the larger PMN frac- 
tions had a greater oxidative burst on stimulation with either 
FMLP or PMA. In addition, larger PMNs were shown to 
have a greater content of the primary granule constituent 
myeloperoxidase than did smaller PMNs.” Further studies 
have shown that larger PMNs have a greater phagocytic 
capacity but lower alkaline phosphatase activity per milli- 
gram of protein than that of smaller PMNs.“ To determine 
if volume-dependent PMN fractions were related to the age 
of the PMN or to the time of release from the BM PMN 


Fig 3. SOD-inhibitable reduction of ferricy- 
tochrome C of 2.5 x 10° bone marrow (BM) or 
peripheral blood (PB) neutrophils incubated with 
the stated concentration of F-met-leu-phe (FMLP), 
and measured in a double-beam spectrophotom- 
eter as the change in absorbance at 550 nm at 37 
*C. FMLP is added at time O. Lag time and maximal 
rate are determined as described by Cohen and 
Chovaniec”. 
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Fig4. SOD-inhibitable reduction of ferricytochrome C of 2.5 x 10? bone marrow (BM) or peripheral blood (PB) neutrophils incubated 
with the stated concentration of phorbol 12-myristate 13-acetate (PMA), and measured as the change in absorbance at 550 nm at 37 °C in 
a double-beam spectrophotometer. PMA is added at time 0. The inset shows the maximal rate of 07" release expressed as nanomoles of 


0,7/2.5 x 10° neutrophils per minute. 


storage pool, it was necessary to develop a technique for 
isolating large quantities of mature BM neutrophils. 
Although many studies have examined the isolation of 
various colony-forming cells from BM,9?? few have 
attempted to purify mature neutrophils from this storage 
pool. Early attempts to concentrate mature BM neutrophils 
have been reported by Evans and co-workers.” In their 
study, 8 x 10’ metamyelocytes, bands, and PMNs with 85% 
purity were recovered from a 15-mL BM sample by means of 
sequential centrifugation in 15.6% and then 20% Ficoll. 
Because no differential counts were reported, the number of 
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Fig 5. NADPH oxidase activity of bone mar- 
row (BM) or peripheral blood (PB) neutrophil 
sonicates incubated with NADPH, 82 pmol/L of 
arachidonic acid, and ferricytochrome C accord- 
ing to the method of Curnutte.” Results are 
given as the reduction of ferricytochrome C 
followed at 550 nm at 25 °C in a double-beam 
spectrophotometer. Arachidonic acid is added at 
time O to initiate the reaction. Inset: NADPH 
oxidase activity of BM or PB neutrophils 0 
expressed as nanomoles of 0, per milligram of 
protein per minute M + SEM, n = 9. 


Absorbance at 550nm 


bands and PMNs in this preparation cannot be determined. 
Sato and colleagues? used discontinuous gradients of 
Ficoll and sodium metrizoate to 1solate postmitotic neutro- 
phils with >70% purity. No further breakdown of this 
neutrophilic population was given. Using continuous Percoll 
gradients, Olofsson and colleagues? determined the densities 
of the various neutrophilic cells from human BM and showed 
that metamyelocytes and mature neutrophils had densities of 
1.0799 and 1.0864 g/mL, respectively. By adapting the data 
reported in these studies, we developed the method previ- 
ously described for isolating purified BM neutrophils. 
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The results presented here indicate that morphologically 
mature neutrophils, ie, bands plus PMNs, can be isolated in 
sufficient purity and quantity from small volumes of BM to 
allow biochemical studies. Several points concerning the 
separation must be noted. First, in the preliminary work, we 
found that the density of the uppermost layer was crucial to 
preventing the contamination of the M2 layer with myelo- 
cytes and metamyelocytes. A decrease in density of this layer 
by only .003 to .005 g/mL led to a considerable contamina- 
tion of M2. Second, as shown in Table 1, we found that the 
M2 layer had a higher percentage of band forms as com- 
pared with the M3 layer, suggesting that cell density 
increases as the band form neutrophils mature to PMNs. 
Third, the layering within the Percoll gradient of the PB 
neutrophils isolated at the same time as BM neutrophils 
revealed that most PMNs recovered from the PB, layer (data 
not shown) and thus were demonstrating a somewhat higher 
mean density than were the mature neutrophils isolated from 
the BM. This indicates a continued progression to higher 
density as the PMN matures in the peripheral circulation. 
Fourth, the presence of variable RBC contamination in the 
M2 and M3 layer required the use of a hypotonic lysis 
procedure to ensure the removal of these elements. Last, 
despite repeated manipulations of the gradients, we were 
unable to separate the band forms from the PMNs within 
layer M2. 

As stated previously, earlier studies using microscopic 
techniques revealed decreased AP activity, ingestion of par- 
ticles, and reduction of molecular oxygen in BM neutro- 
phils."? Biochemical studies using the HL-60 cell line 
demonstrated similar findings.^?? The results of the present 
study reveal that morphologically mature BM neutrophils 
have only 45% of the biochemically measured AP activity, 
60% of the phagocytic capacity, and a slower O,” release as 
compared with PB neutrophils, confirming previous studies 
using cytochemical techniques.’ These results also confirm 
the validity of using these parameters as indicators of 
neutrophil maturity and age. In addition, that the present 
findings do not correlate with those noted for volume- 
dependent PMN fractions indicates that volume heterogene- 
ity among PMNs is probably not a reflection of PMN age as 
previously suspected.?? 

The development of the ability to release superoxide anion 
is required if the mature neutrophil is to kill bacteria 
effectively. The formation of this reduction product of molec- 
ular oxygen depends, in the PMN, on the activation of an 
NADPH-dependent oxidase. This oxidase has been shown to 
be activated by differing mechanisms dependent on the 
stimulus used.?*' As shown in the Results section, BM 
neutrophils demonstrated a slower rate of O, release with a 
similar lag time and duration of O,” production as compared 
with PB neutrophils. This slower rate was not overcome by 
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higher concentrations of stimulants, indicating that the 
results are not due to an altered threshold for stimulation. In 
addition, the slower rate of O;^ release of BM neutrophils 
occurred regardless of the stimulant used. These results 
suggest that the existence of a subpopulation of nonrespond- 
ing cells or an alteration of the O,” producing mechanism of 
these cells in some way. The results obtained for nitroblue 
tetrazolium dye reduction indicate that our findings are not 
due to a lack of oxygen-reductive capability by the BM bands 
or a subpopulation of the BM-segmented forms, although the 
intensity of nitroblue tetrazolium reduction was somewhat 
less in all BM neutrophils than in PB neutrophils. The data 
clearly indicate, however, that BM neutrophils contain only 
47% of the NADPH oxidase activity contained in PB neutro- 
phils and imply that this deficiency is responsible for the 
decrease in O,” release noted in the BM neutrophils. 

Although release of mature neutrophils from BM 
undoubtedly occurs during the stress of severe bacterial 
infection, it is questionable if the deficits in function seen in 
the present study would lead to a physiologic deficiency of 
host defense. First, it is noted that females who are heterozy- 
gous for the gene coding for chronic granulomatous disease 
do not have significant bacterial infections despite having, on 
the average, only 50% of the superoxide-generating capacity 
of normal persons.” Second, during bacterial infections, the 
neutrophils are exposed to various endogenous and bacterial 
products that may actually augment their responses to 
subsequent exposures to stimulants; thus, BM neutrophils 
may have their responses augmented or “primed” on being 
released during times of infection.***’ This is supported by 
the observation of an increased PMN oxidative burst in 
patients with active bacterial infections. 

In conclusion, we report an effective method for the 
isolation of large numbers of morphologically mature (bands 
and segmented) neutrophils from small quantities of BM 
aspirate samples. We confirmed earlier reports demonstrat- 
ing decreased AP activity, phagocytosis, and oxidative burst 
of BM neutrophils. We extended these studies to demon- 
strate that BM neutrophil O; release was slower, but with a 
similar lag time and duration of release, as compared with 
PB neutrophils, regardless of whether FMLP, PMA or 
serum-treated zymosan was used as the stimulant. Moreover, 
we demonstrated that this was not due to the increased 
percentage of neutrophilic band forms or a subpopulation of 
cells with an inability to produce O,” in the BM neutrophils. 
Finally, we are first to demonstrate a decreased NADPH 
oxidase activity in morphologically mature BM neutrophils 
as the cause of the deficient stimulated oxidative burst. 
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Characterization of Host Cells Involved in Resistance to Marrow Grafts in Dogs 
Transplanted From Unrelated DLA-Nonidentical Donors 


By Robert F. Raff, H. Joachim Deeg, Thomas P. Loughran, Jr, Theodore C. Graham, 
Joseph A. Aprile, George E. Sale, and Rainer Storb 


A canine model of marrow transplantation was used to 
further define the host cells mediating resistance to mar- 
row engraftment. Recipient dogs were given 9.2 Gy of total 
body irradiation followed by marrow infusion from unre- 
lated DLA-nonidentical donors. No postgrafting immuno- 
suppression was given. At three and ten days posttrans- 
plantation recipient marrow and peripheral blood cells 
were obtained and characterized by the following in vitro 
studies: (a) morphologic analysis; (b) phenotypic analysis 
with monoclonal antibodies; (c) assays for natural killer cell 
(NK) activity; and (d) cocultures with donor marrow to 
study the effect on donor CFU-GM growth. Daily differen- 
tial cell counts revealed a proliferation of peripheral blood 
mononuclear cells approximately eight days posttrans- 
plant. By day 10 surviving host cells were uniformly large 


REVIOUS STUDIES in a canine model of marrow 
transplantation have investigated factors which 
influence resistance to engraftment and marrow graft rejec- 
tion. These studies have established the importance of DLA- 
encoded histocompatibility antigens, or antigens in linkage 
with but different from known DLA antigens, for engraft- 
ment in related and unrelated marrow transplants’; the 
significance of pretransplant transfusion-induced sensitiza- 
tion’; the requirement of a lymphoid cell population to 
engraft across DLA barriers*’; and the existence of a radia- 
tion-resistant, methotrexate (MTX)-sensitive host cell popu- 
lation which mediates graft rejection in nonsensitized recip- 
ients." 

The present study was designed to further define the 
morphologic, phenotypic, and functional characteristics of 
host cells mediating marrow graft resistance in the canine 
model of unrelated, DLA-nonidentical marrow transplanta- 
tion, in which there is a 90% graft failure rate.’ This study 
was predicated on the hypothesis that the same radioresis- 
tant host cells which meidate graft rejection in vivo will 
inhibit growth of donor marrow in vitro. Therefore, we 
analyzed recipient marrow and peripheral blood cells at days 
3 and 10 after total body irradiation (TBI) and marrow 
infusion. The results demonstrated a radiation-resitant host 
lymphoid subpopulation with morphological charcteristics of 
large granular lymphocytes (LGL), which had natural killer 
cell (NK) activity and caused suppression of donor marrow 
growth in vitro. 


MATERIALS AND METHODS 
Dogs 


Beagles and various crossbred hounds were obtained from com- 
mercial kennels in Washington and Virginia and through a breeding 
program at the Fred Hutchinson Cancer Research Center * The dogs 
weighed 6 0 to 35.5 kg and were 6 to 16 months old (median 12 
months) at the time of transplantation They were dewormed, 
vaccinated against distemper, leptospirosis, hepatitis, and parvovi- 
rus, and housed in single cages 
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granular lymphocytes which were phenotypically of T cell 
lineage, had NK activity, and were capable of suppressing 
donor marrow CFU-GM growth. Mononuclear cells from 
dogs given total body irradiation only and no marrow 
infusion (radiation contro! group), did not suppress CFU- 
GM growth when cocultured with marrow from unrelated 
DLA-mismatched dogs. These results suggest that radiore- 
sistant host cells with the morphology of large granular 
lymphocytes and NK activity and which proliferate in 
response to the infused donor marrow cells mediate resis- 
tance to DLA-nonidentical marrow grafts. It remains to be 
determined, however, whether in vitro functional studies 
reflect the mechanisms involved in vivo. 

© 1986 by Grune & Stratton, Inc. 


Selection of Donor-Recipient Pairs 


Selection of unrelated, DLA-nomdentical pairs was based upon 
mutual stimulation of their peripheral blood mononuclear cells in 
mixed leukocyte culture assay (MLC) and nonidentity of serologi- 
cally determined DLA antigens? In all cases donor and recipient 
differed phenotypically for both DLA-D alleles as defined by 
homozygous cell typing? Sixteen donor-recipient pairs were entered 
into the study. Ten of sixteen donor-recipient pairs were of different 
sex. 


Total Body Irradiation and Marrow Transplantation 

Recipients were prepared for grafting by 9.2 Gy of total body 
irradiation (TBI) delivered at 7 cGy/minute from two opposing “Co 
sources.'° Recipients were infused with 1.3 to 6.7 x 10* (median 3.9 
x 105, mean 3.98 + 1.5) marrow cells/kg intravenously within four 
hours of TBI (day 0). No postgrafting immunosuppression was given 
and no donor buffy coat cells were infused. Postgrafting care and the 
marrow aspiration procedure have been described elsewhere.'!”? 
Complete blood counts (CBC) were obtained on day 0, before 
irradiation, and then daily from day 3 postgrafting until death 
Cytogenetic analysis of recipient marrow and peripheral blood cells 
was performed three and ten days after transplantation as 
described'! with the only modifications being the use of concanavalin 
A (Con A, 200 mg/mL Calbiochem-Behring, LaJolla, Calif) to 
induce mitogenesis. Cultures were harvested on day 3 after expos- 
sure to 0.3 ug colchicine for 114 hours. 

Complete autopsies, including marrow specimens for evaluation 
of cellularity, were performed on ten of 16 recipients. 





From the Fred Hutchinson Cancer Research Center and the 
Department of Medicine, University of Washington School of 
Medicine, Seattle 

Supported in part by PHS Grants CA 31787, CA 18221, CA 
30924, CA 18105, and CA 09319 awarded by the National Cancer 
Institute, DHHS 

T.P Loughran, Jr is a fellow of the Leukemia Society of 
America 

Submitted Dec 12, 1985, accepted May 12, 1986. 

Address reprint requests to R F. Raff, Fred Hutchinson Cancer 
Research Center, 1124 Columbia Street, Seattle, WA 98104 

© 1986 by Grune & Stratton, Inc 

0006-497 1/86/6804—0009803 00/0 


861 


862 


Irradiation Controls 


Two dogs received TBI without subsequent marrow infusion. The 
complete blood counts obtained on these dogs and on six irradiation 
control dogs from a previous study? were combined to generate the 
hematologic data for irradiation controls. 


Posttransplant In Vitro studies 


In vitro studies were generally performed on days 3 and 10 after 
transplant. 

Donor and recipient marrow and peripheral blood cells. Do- 
nor bone marrow was aspirated from the humerus head into a 10-ml 
syringe containng 5 mL of Waymouth medium (Waymouth- 
MB752/1, Fred Hutchinson Cancer Research Center media room) 
and 400 U of preservative-free heparin (Heparin, Sodium, 1,000 
USP units/mL, O'Neal, Jones and Feldman, St Louis). Mononu- 
clear marrow cells (MC) were isolated by layering the diluted 
marrow onto a Ficoll-Hypaque density gradient (1.074 specific 
gravity), and centrifuging at 1,000 g for 25 minutes Interface cells 
were washed once with hemolytic buffer, three times with Way- 
mouth medium, and then resuspended in Waymouth medium for cell 
counting. All washes were at 200 g for ten minutes. Donor peripheral 
blood mononuclear cells (PBMC) were isolated from venous blood as 
previously described.? 

Recipient marrow cells were obtained using a vacuum pump 
aspiration procedure" that permitted the procurement of 50 to 80 
mL of marrow mixed with an equal volume of heparinized TC199 
medium (GIBCO, Grand Island, NY). This diluted marrow was 
centrifuged at 500 g for 15 minutes to remove the medium. Red cells 
were lysed with three hemolytic buffer washes. The resulting cell 
pellet was washed three times and resuspended ın Waymouth 
medium for cell counts. Viability was determined using trypan blue 
exclusion. Recipient peripheral blood cells (PBC) were obtained by 
mixing two parts of heparinized venous blood (from 300 to 600 mL) 
with one part of Plasmagel (Cellular Products, Buffalo) This 
mixture was incubated for 45 minutes at 37 °C, 7% CO, in air. The 
resultant supernatants were centrifuged at 500 g for 15 minutes, 
residual red cells were lysed with a hemolytic buffer wash. The cell 
pellet was washed three times and resuspended in Waymouth 
medium for cell counting Obtaining sufficient cell numbers from 
the recipients for the 1n vitro studies was a consistent problem 
necessitating the procurement of large volumes of marrow and 
peripheral blood. 

Morphologic analysis of cells. Cytospin preparations (Cytos- 
pin, Shandon-Elliot, Sewickley, Penn) were made of cells obtained 
on days 3 and 10. These preparations were stained with a standard 
Wright-Giemsa stain and evaluated for percentage of LGL. 

For ultrastructural analysis, cells were fixed in a half-strength 
Karnofsky’s fixative, postfixed in OsO, in S collidine buffer and 
processed for embedding and sectioning in EPON 812 resin, and 
examined using a JEOL 100-S transmission electron microscope 
(TEM, Tokyo) as previously described.'* 

Phenotyping of cells with monoclonal antibodies Cells to be 
phenotyped were incubated with monoclonal antibodies and subse- 
quently analyzed on the fluorescence activated cell sorter (FACS 
440, Becton Dickenson FACS System) as previously described.'* 
The monoclonal antibodies (McAb) used were 9.6 (IgG4,), which 
reacts with 99% of human T lymphocytes! but does not react with 
canine PBMC”, 7.2 (IgG), specific for Ia-like antigens on human 
cells, cross-reactive with an identical antigen (p29/34) on canine 
cells"; DT 2 (IgG,,), which reacts with a large subset of canine T 
lymphocytes!*; Diy 6 (IgM), which reacts with virtually all nonacti- 
vated canine lymphocytes but not monocytes”, E11 (IgG4), which 
reacts with canine supressor/cytotoxic T lymphocytes?'; 1A1 (IgM) 
an anticanine T lymphocyte McAb”; F3-20-7 (IgG,), an anticanine 
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Thy-1 McAb?; and SIg, fluorescein-conjugated goat F(ab’). frag- 
ment specific for canine IgG (Cappel, Cochranville, Penn). All of 
the above monoclonal antibodies with the exception of Dly 6 were 
directly fluorescein (FITC)-conjugated.* The histograms and dot 
plots generated were used in analysis of these cell populations. A 
positive phenotyping response was determined by comparing the 
observed shift of fluorescence intensity of a specific McAb to that 
obtained with the irrelevant McAb 9.6, and correlating the dot plot 
data with their respective histograms. 

Marrow coculture assays for CFU-GM Donor marrow was 
cocultured with donor or host cells and the cultures were assayed for 
the growth of donor marrow colony-forming units-granulocyte/ 
macrophage (CFU-GM), using a modification of an agar-gel 
medium technique previously described °° The media for marrow 
cultures consisted of equal volumes of 2x Iscove's medium (GIBCO, 
Grand Island, NY) and a 0.6% agar (Bacto-Agar, DIFCO, Detroit, 
Mich) solution in glassed-distilled water. The Iscove's medium was 
supplemented with eight ribosides (adenosine, guanosine, thymidine, 
2-deoxyadenosine, cytidine, uridine, deoxycytidine, 2' deoxyguano- 
sine (Sigma, St Louis), 10 mg each per 500 mL 2 x Iscove's 
medium). This marrow culture medium also contained 15% fetal 
calf serum (Irvine Scientific, Santa Ana, Calif) and 5% postendo- 
toxin dog serum (PEDS) for colony-stimulating factor. (PEDS was 
produced by injecting a dog with 0.5 mg of Salmonella typhii, 
collecting serum three hours later and repeating 1 week later. Sera 
were pooled, heat-inactivated in a 56 °C water bath, aliquoted, and 
stored frozen [—20 °C] The marrow culture medium was equili- 
brated at 39 °C prior to use. 2 x 10° donor marrow cells were added 
to 2.0 mL of marrow culture medium, then either no other cells, 
donor PBMC, recipient marrow, or peripheral blood cells were 
added at ratios of 1.1, 1:4, and 1.6, respectively. One mL of these cell 
mixtures was then added to 35-mm plastic Petri dishes (Falcon 
#1008, Oxnard, Calif) in duplicate. After the agar solidified at room 
temperature, the cultures were incubated for ten days in a 100% 
humidified atmosphere at 37 °C under 7% CO, in air. Aggregates of 
more than 50 cells were counted as colonies using a dissection 
microscope (Olympus) at a magnification of 25X. As a control, 
marrow cocultures were also done in 5 donor-recipient pairs prior to 
TBI and marrow transplantation Results of CFU-GM growth in the 
various cocultures were compared statistically by nonparametric 
tests for the comparison of two unpaired samples." 

NK assays NK activity of recipient marrow and peripheral 
blood cells was determined and compared to that of donor marrow 
and peripheral blood mononuclear cells. A *'Cr (New England 
Nuclear, Na*! CrO, 300 pCi /mL)-labelled canine thyroid adenocar- 
cinoma cell line (CTAC) was used as the target in an 18-hour NK 
assay using effector-to-target ratios of 20-1 and 50:1, with the results 
reported as percent specific target cell lysis as previously 
described.” 


RESULTS 


Peripheral Blood Cell Counts Post-TBI and Marrow 
Transplantation 


Of the sixteen dogs transplanted, two had sustained 
engraftment and no further studies were done with these two 
dogs. The other fourteen dogs (88%) failed to engraft and 
died with aplasia. Figure 1 shows the peripheral white blood 
cell counts (WBC), including mean absolute granulocyte and 
mononuclear cell counts, available from eleven recipients. 
There was a rapid fall in WBC with the mean absolute 
granulocyte number falling from 8,200 cells/uL pretrans- 
plant to 3,000 cells/uL at day 5, to 210 cells/uL at day 7, 
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Fig 1. Peripheral white blood cell counts from eleven recip- 
ients. The values represent: mean white blood cell counts (6——9); 
mean absolute granulocyte count (O—-O); and mean absolute 
mononuclear cell count (L1----(). The arrows indicate days on 
which marrow and peripheral blood cells were obtained for in vitro 
studies. Day O was the day of TBI and marrow infusion. 


with a rise to 350 cells at day 8 and then decline to zero cells 
by day 11. However, there was a rise in mean absolute 
mononuclear cell numbers from a day 3 nadir of 72 cells/uL 
to 210 cells/uL at day 8 and a final decline to 120 cells/uL 
by day 11. 

Peripheral white blood cell counts from the eight irradia- 
tion control dogs are shown for comparison in Fig 2. Similar 
to the transplanted dogs, there was a rapid fall in the WBC 
with the mean absolute granulocyte count falling to zero by 
day 7 post- TBI, with no subsequent rise in counts observed. 
Of note, the increase in mean absolute mononuclear cell 
numbers observed from day 3 to day 8 in the transplanted 
dogs was not seen in the radiation controls. In both trans- 
planted and radiation control dogs, there was a constant 
decline in mean platelet numbers to less than 1,000/uL at 
day 10 post irradiation. 

Table | summarizes the autopsy findings available for ten 
of the fourteen marrow recipients evaluated in this study. 
The degree of marrow cellularity in these dogs was expressed 
as a fraction of normal and ranged from 0% to 10%. In those 
recipients in whom hemopoietic cell lineage could be evalu- 
ated, only focal areas of myeloid, erythroid, or plasma cells 
were observed. 


Cytogenetic Analysis of Recipient Marrow and Peripheral 
Blood Cells Posttransplant 


Cytogenetic analysis on marrow and peripheral blood cells 
was available in two dogs which failed to achieve sustained 
engraftment. In both cases only host type cells (19/19 and 
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Fig 2. Peripheral white blood cell counts from eight dogs in 


the radiation control group. The values represent: mean white 
blood cell count (6——9); mean absolute granulocyte count 
(O——O); mean absolute mononuclear cell count ((J----(J). The 
arrows indicate days on which marrow and peripheral blood cells 
were obtained for in vitro studies. Day 0 was the day of TBI. 


Table 1. Marrow Cellularity and Histopathology of Ten Marrow 
Recipients at Autopsy 








Marrow 
Survival Cellularity Marrow Cell 
Dog No.* (days) (96 of normal) Lineage Cause of Death 
C34 9 «596 NAT Pneumonia; septi- 
cemia 
C88 10 « 596 NA Septic shock; pneu- 
monia 
C96 4 5%to10% Few myeloid Sodium pentothalt 
cells 
C99 10 596 Plasma cells Sodium pentothalt 
C149 10 096 NA Undetermined 
C154 10 <10% Plasma cells — Septicemia 
C155 10 096 NA Septic shock; pul- 
monary edema 
C157 9 096 NA Pneumonia; sodium 
pentothalt 
C158 10 096 NA Undetermined 
C208 10 « 1096 Erythroid, Hemorrhagic preu- 
focal monia 





*Complete autopsies were only available on 10 of the 14 recipients 
evaluated in this study. 
+NA, not analyzed for trilineage engraftment due to hypocellularity of 





marrow. 
{Killed by sodium pentothal injection. 
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3/3 metaphases, respectively, from Con A-stimulated PBC) 
were present at day 10 post transplantation. Cytogenetic 
analysis was hindered by the poor proliferative ability of 
recipient cells in response to mitogen stimulation. It is 
possible that the metaphases seen were spontaneous and that 
the surviving host cells did not possess the capacity to 
undergo mitogenesis with Con A stimulation. 


Morphology of Recipient Peripheral Blood Cells at Days 3 
and 10 Posttransplant 


Table 2 summarizes the differential cell counts of recip- 
ients at three and ten days posttransplantation. LGLs were 
the predominant lymphoid cells observed on days 3 and 10, 
88 + 9% and 82 + 13% respectively. Of the total cells on day 
3, only 30 + 27% were LGL, while on day 10, 80 + 16% were 
LGL. 

Figures 3 and 4 are light and ultrastructural photomicro- 
graphs of representative population of LGLs seen in recipient 
peripheral blood cells at day 10 posttransplant. In Fig 3 the 
morphological characteristics of LGLs (eg, an eccentric 
nucleus, relatively large cytoplasmic/nuclear ratio and cyto- 
plasmic granules) are evident. Figure 4 reveals ultrastruc- 
tural features of canine LGL, including electron dense 
granules as previously described.” 


Cytofluorometric Analysis of Recipient Cells 


Figure 5 shows representative dot plot profiles of recipient 
marrow and peripheral blood cells three and ten days post- 
transplant and of those from the radiation control group at 
day 10 post- TBI. The population of marrow and peripheral 
blood cells that showed significant shifts in fluorescence in 
response to labeling with monoclonal antibodies also showed 
a forward light scatter characteristic of canine lymphoid 
cells. On day 3 posttransplant both forward light scatter 
and the degree of autofluorescence were consistent with the 
presence of large numbers of granulocytes. This type of 
profile was also seen with marrow and peripheral blood cells 
from the radiation control dogs at day 3 post- TBI (dot plots 
not shown). By day 10, in both recipients and radiation 
control dogs the cell populations were essentially devoid of 
granulocytes and highly enriched for lymphoid cells. These 
findings are consistent with the differential white blood cell 
counts illustrated in Figs | and 2. 

On days 3 and 10 posttransplant, recipient marrow and 
peripheral blood cells were 7.2*, DT2*, 1A1*, Thy 1^, and 


Table 2. Differential Cell Counts of Recipient Peripheral Blood 
Cells Obtained at Days 3 and 10 After Marrow Transplant 











Days Differentialt (96) LGL as % of:1 
post-BMT* Lymphocytes Granulocytes Monocytes Lymphocytes Total 
3 34 + 32 65 + 32 121 88 + 9 30 + 27 
10 97 +4 0-0 324 82 + 13 80+ 16 





*BMT, bone marrow transplant; Day 3 and day 10. Five dogs 
evaluated. 

fDifferential on Wright-Giemsa-stained cytospin cell preparations 
obtained from recipient PBC. Values represent mean + SEM (96) obtained 
from eight recipients. 

1LGL, large granular lymphocyte. 
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Fig 3. Representative light photomicrograph of large granular 
lymphocytes (LGL) obtained from recipient peripheral blood on day 
10 post transplantation. Characteristics are the cytoplasmic gran- 
ules located in the perinuclear zone and the eccentric nucleus. 
Wright-Giemsa stain, original magnification X630; current magni- 
fication X315. 


Slg>. Recipient peripheral blood cells were DI y6` and E11 

on day 3, but by day 10 posttransplant were Dly6*, and 
approximately 28% of the peripheral blood cells were E11*. 
In contrast, the day 3 and 10 marrow cells were Dl y6*, with 
a conversion from El11* on day 3 to 34% of the marrow cells 
El!1* by day 10 posttransplant. The percentage of marrow 
and peripheral blood cells that were found to be positive in 
their reactivity with E11 was calculated by integrating that 
portion of the fluorescence peaks obtained from histograms 
that exceeded the fluorescence obtained using the irrelevant 
control McAb (9.6). The dot plot patterns for Thy 1* cells 
(not shown) from recipient marrow and peripheral blood 
were comparable to 1A1^. The phenotypes of the radiation 





Fig 4. Ultrastructural photomicrograph of a representative 
LGL obtained from recipient peripheral blood on day 10 post 
transplantation. Typical electron-dense granules are present in 
the perinuclear zone. Original magnification X10,000. 
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Fig 5. Representative dot plot profiles of recipient marrow (MC) and peripheral blood (PBC) cells on days 3 and 10 post TB! and 
transplant (BMT), and from the radiation control group on day 10 post TBI. The horizontal axis provides a relative measure of cell size as 
determined by forward light scatter (smaller cells on the left, larger cells on the right). The vertical axis provides a relative measure of 
fluorescence intensity. All samples contained approximately 10* cells, prepared for cytofluorometric analysis as described under 


"Materials and Methods.” 


control dogs’ marrow and peripheral blood cells at day 10 
post-TBI were 7.2*, DT2*, IAI*, DIy6 , E11- and Sig 

These results suggested that recipient marrow and periph- 
eral blood cells were of lymphoid lineage with the appear- 
ance, by day 10, of a subpopulation with the surface antigen 
phenotype (E11*) previously found to be characteristic for 
canine suppressor/cytotoxic cells," and also expressed on 
canine NK cells.?* 


Effects of Recipient Marrow and Peripheral Blood Cells on 
CFU-GM Growth From Donor Marrow In Vitro 


[he effect on donor marrow CFU-GM growth by cocul- 
turing with donor peripheral blood mononuclear cells, recip- 
ient peripheral blood, or recipient marrow cells is illustrated 
in Fig 6. In all experiments the addition of recipient marrow 
or peripheral blood cells to donor marrow cells resulted in a 
decrease in the number of CFU-GM colonies as compared to 
cultures of donor marrow, either alone or cocultured with 
donor peripheral blood mononuclear cells. On day 3 post- 
transplant, the percent inhibition (62% to 67%) of donor 
marrow CFU-GM growth when cocultured with recipient 
peripheral blood cells was greater than that obtained from 


cocultures of recipient marrow cells (49% to 62% inhibition) 
On day 10, inhibition of donor CFU-GM growth was more 
profound than on day 3, with cocultures of recipient marrow 
cells being as potent (70% to 80% inhibition) a peripheral 


blood cells (62% to 84% inhibition). This increased inhibition 


coincided with a significant enrichment for large granular 





lymphocytes by day 10. Cocultures of donor | 
with recipient peripheral blood cells obtained before TBI and 
transplantation did not yield any significant suppression of 
donor CFU-GM growth 


Similar CFU-GM cultures were carried out using marrow 
and peripheral blood cells from two dogs in the radiation 
control group. Cells were obtained on days 3 and 10 after 
TBI and were cocultured with normal marrow cells from an 
unrelated, DLA-nonidentical dog. No suppression of CFI 


GM growth was observed (data not shown) 


NK Activity of Recipient Marrow and Peripheral 
Blood Cells 


Results of NK assays are summarized in Fig 7. Recipient 
marrow and peripheral blood cells obtained on day 3 post 
transplant did not show any detectable NK activit 


866 





























RAFF ET AL 








v 
E a 
QOr Ft FT 
9 i | 
2 | mf 
N i i 27 
a 40F ||| dl A ED 
9 i i 7 m Fig 6. Effect of recipient marrow (R^) and 
S 2 A peripheral blood (R^) cells on donor marrow 
5 Ja A CFU-GM colony growth in vitro. Marrow co- 
© 30 ZZ Y A cultures performed on day 3 ( MI ) and on 
= 24 A A day 10 ( EIJ ) post transplant. Control cul- 
e5 T A // 9 tures were donor marrow (D^) or donor mar- 
x 27 g A row co-cultured with donor peripheral blood 
T eor / A b mononuclear celis (D:D'*^^) ( T] ). Co- 
O A A G b cultures were carried out at ratios of 1:1, 1:4, 
c A A g c LET, and 1:6. Given are the mean number of CFU- 
O 10 / f / GM/10* donor marrow cells plated + SEM 
vu) (14) of eleven experiments. The p values 
= f 4 f refer to comparisons of CFU-GM growth 
UA 7 Z obtained from D:D co-cultures to D:R co- 
G g ZG ; E 
Oo AUVAUA i Eä 3 cultures (a = p < 0.1; b = p < 0.05: c =p s 
FO F1 F4 F6. — ed 62 F4 LU. 54 F6, EI F4 F6, 0.01. DMRS co-cultures were performed 
MC. ~PBM P P before TBI and transplantation at ratios of 1:1 
pM. p C pMC;R BC pMC.g BC pMC.gMC and 1:4 (ZZZZ ). 


10 posttransplant NK activity was observed in recipient 
marrow and peripheral blood cells at the 50:1 effector- 
to-target ratio (16 + 5% and 20 + 8% ?'Cr release, respec- 
tively). 

Marrow and peripheral blood cells obtained from radia- 
tion control dogs ten days after TBI also showed NK activity 
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Fig 7. Assays for natural killer (NK) cell activity of recipient 
marrow (RV^) and peripheral blood (R'**) cells on days 3 and 10 
post transplant and donor marrow (D^) and peripheral blood 
mononuclear cells (D'*"^), The effector: target ratios were 20:1 


( EIE )and50:1( L3 ) Mean + SEM % "Cr release from the 
CTAC target for four experiments. 


at the 50:1 effector-to-target ratio (59 + 23% and 21 + 0% 
*'Cr release, respectively). 


DISCUSSION 


Previous studies have shown failure of engraftment in 90% 
of dogs receiving 9.2 Gy of TBI followed by the infusion of 
DLA-nonidentical donor marrow.’ The current results (88% 
failure of engraftment) are in keeping with those data. These 
and additional studies'^^" suggests that in nonsensitized 
transplant recipients, a relatively radiation-resistant host cell 
population not requiring pretransplant exposure to donor 
antigen is involved in mediating resistance to engraftment of 
DLA-nonidentical marrow. The present study was designed 
to further characterize these cells. 

Host lymphoid cells surviving supralethal doses of TBI 
were predominantly LGLs capable of suppressing in vitro 
donor bone marrow cell proliferation as measured by inhibi- 
tion of CFU-GM growth. It is tempting to speculate that 
these host cells were responsible for the destruction of the 
marrow graft in vivo, similar to the mechanisms suggested 
for allogeneic or hybrid resistance in mice. ?* These host 
cells expressed NK activity when tested in vitro; they had the 
morphologic appearance previously described for canine NK 
cells and, except for some minor differences, the phenotype 
of these LGLs on day 10 posttransplant, Dly 6", 1A1* and 
ElI? (28% to 34%), was in agreement with that previously 
described for canine NK cells.” Staining with additional 
monoclonal antibodies recognizing T cell determinants 
(DT2, Thy 1) suggested a T cell lineage. ? 

Of interest was the shift from an EIl“ to an Ell* 
subpopulation in both recipient marrow and peripheral blood 
cells (34% and 28% positive cells, respectively) between days 
3 and 10 posttransplant. Whether this transition indicates a 
maturation of host LGLs to functional NK cells is conjec- 
tural but such a development would be in agreement with the 
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increased NK activity observed on day 10 posttransplant 
Additional, circumstantial evidence for the NK nature of 
these cells comes from the lack of Con A-induced mitogene- 
sis observed during cytogenetic analysis of these cells. It has 
been shown that HNK-1* human peripheral blood lympho- 
cytes (NK cells) could not be induced to proliferate when 
stimulated with various mitogens.” Alternatively, the pres- 
ence of a subpopulation of E11* lymphoid cells may indicate 
the differentiation of NK cells into cytotoxic T lymphocytes. 
Such a mechanism for the activation of NK-derived cyto- 
toxic T lymphocytes regulated by macrophage and prosta- 
glandin has been described in the mouse." Perhaps intact 
macrophages are involved in the development of NK-derived 
cytotoxic lymphocytes in the present model in agreement 
with observations by other investigators of the beneficial 
effect of macrophage inhibitors on engraftment in recipients 
of unrelated, DLA-nonidentical marrow.” The increase of 
recipient mononuclear cells observed in the present study 
approximately eight days posttransplant may indicate such 
an activation with in vivo proliferation and priming of hosts 
cells against donor marrow. It is conceivable that a non- 
primed (NK type) cell population is operative initially and 
interferes with engraftment.” This may allow for another 
radiation-resistant host T cell population to be primed and 
amplified, resulting finally in graft destruction. The transi- 
tion from E117 to E11* host lymphoid cells may signal such 
an event in the present dog model. 

Evidence against the preceding postulated mechanisms is 
provided by the results of two previous studies which indi- 
cated that host cells not of T lymphocyte lineage mediated 
marrow graft resistance in unrelated DLA-nonidentical 
transplants." In one study, the treatment of recipients with 
antithymocyte serum alone or in combination with procarba- 
zine before TBI and marrow infusion did not abrogate graft 
resistance in six of seven recipients.! In the second study 
recipients received cyclosporine after TBI and marrow infu- 
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sion with eight of 13 recipients failing to show sustained 
engraftment.? These results argue against the involvement 
of T lymphocytes in marrow graft resistance, but they do not 
conclusively rule out NK cells or the postulated mechanisms 
of macrophage-regulated NK-derived cytotoxic T lympho- 
cytes as the effector cells mediating graft resistance. The 
cells involved in resistance are apparently metabolically 
active, since treatment of recipients after TBI and marrow 
infusion with methotrexate abrogates resistance." 

Recently, resistance to marrow grafts in the mouse was 
shown to be the result of antibody-dependent cell-mediated 
cytotoxicity (ADCC), in which NK cells were operating in 
responder mice in conjunction with a target-specific anti- 
body, resulting in marrow graft destruction.” If a similar 
mechanism is operational in the canine model, in vitro tests 
of host LGLs carried out early posttransplant might fail to 
detect significant NK/ADCC-like activity if the appropriate 
antibody is not present in the culture system. So far no such 
antibodies have been described in dogs. 

The present findings provide additional background data 
for the design of conditioning regimens capable of overcom- 
ing resistance. Preliminary data in the canine model suggest 
that treatment of recipient dogs with the anti-Ia monoclonal 
antibody 7.2 in addition to 9.2 Gy of TBI allows for sustained 
engraftment in a number of dogs.” Conceivably, additional 
more specific monoclonal antibodies (eg 1A1 and E11) or a 
mixture of antibodies could be even more effective. Whether 
this information can be applied in clinical marrow transplan- 
tation remains to be determined. 
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The Use of the Dilute Russell Viper Venom Time 
for the Diagnosis of Lupus Anticoagulants 


By Perumal Thiagarajan, Vittorio Pengo, and Sandor S. Shapiro 


We describe here a test for lupus anticoagulants based on 
a modified Russell viper venom time (RVVT), using limiting 
amounts of phospholipid and venom. We have studied 29 
patients with a prolonged dilute RVVT. Five of the 29 had a 
normal activated partial thromboplastin time and three of 
14 tested by the tissue thromboplastin inhibition test were 
normal. In 17 of 19 patients tested, the dilute RVVT was 
completely normal when ionophore-treated platelets were 


UPUS ANTICOAGULANTS are antibodies reactive 
against anionic phospholipids, thereby prolonging 
phospholipid-dependent coagulation tests. Though ini- 
tially recognized in patients with systemic Tupus erythemato- 
sus, similar inhibitors have been described in a variety of 
disorders and, occasionally, in apparently normal individu- 
als.?*? In recent years it has become clear that the presence 
of a lupus anticoagulant is a risk factor for thrombosis! ' 
and recurrent spontaneous abortions.” Nevertheless, the 
prevalence of lupus anticoagulants has been difficult to 
determine, since criteria for the diagnosis of this coagulation 
inhibitor have not been clearly established. Suspicion of a 
lupus anticoagulant is usually aroused by the finding of a 
prolonged activated partial thromboplastin time (aPTT) that 
1$ not corrected by addition of an equal volume of normal 
plasma. Corroboration is frequently sought by performance 
of the tissue thromboplastin inhibition test (TTI).? How- 
ever, the TTI can be negative in the presence of some lupus 
anticoagulants??! and has been reported to be positive in the 
presence of some factor VIII or factor IX antibodies, as well 
as in the presence of heparin.? In order to avoid some of these 
problems, we have employed a modified Russell viper venom 
time, using diluted venom and a limiting concentration of the 
phospholipid reagent? We describe here details of the 
method, as well as some studies of its sensitivity and specific- 
ity compared to the TTI and the aPTT in the diagnosis of 
lupus anticoagulants. 


MATERIALS AND METHODS 


Coagulation tests. Blood was collected in one-tenth volume of 
3.8% trisodium citrate. Platelet-poor plasma was obtained by cen- 
trifugation at 2,500 g for 15 minutes at room temperature. The 
prothrombin time, activated partial thromboplastin time and throm- 
bin time, using tissue thromboplastin (General Diagnostics, Morris 
Plains, NJ), Thrombofax (Ortho Diagnostic Systems, Raritan, NJ), 
and Thrombin (Upjohn, Kalamazoo, Mich), respectively, were 
performed as desribed previously.” The normal ranges for these tests 
in our laboratory are 12 to 15 seconds, 23 to 36 seconds, and 20 to 26 
seconds, respectively. The tissue thromboplastin inhibition test 
(TTI) was performed according to the method of Schleider et al? 
using a 1:100 dilution of tissue thromboplastin. The titers of 
antibodies to specific coagulation factors were determined by the 
Bethesda Assay * All test results described here were performed in 
our laboratory. 

The dilute Russell viper venom time (RVVT) was performed as 
described previously.” Briefly, Russell viper venom (Burroughs 
Wellcome, Raleigh, NC) was reconstituted as suggested by the 
manufacturer and further diluted 1:200 in Tris-buffered saline (0 15 
mol/L NaCl, 0 02 mol/L Tris, pH 7.5). The phospholipid reagent 
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substituted for phospholipid; the remaining two patients, 
both with very long phospholipid-dependent dilute RVVT's, 
were nearly completely normalized. The dilute RVVT is not 
prolonged in the presence of antibodies to factors VIII, IX, 
or Xl. Thus, the dilute RVVT appears to be a simple, 
reproducible, sensitive, and relatively specific method for 
the detection of lupus anticoagulants. 

© 1986 by Grune & Stratton, Inc. 


Thrombofax was diluted 1:8 in Tris-buffered saline Other partial 
thromboplastins can be substituted for Thrombofax, however, the 
dilution of each reagent needs to be determined in the manner 
described for Thrombofax (see Results). The dilute RVVT was 
performed by incubating 0 1 mL of plasma, 01 mL of diluted 
Russell viper venom, and 0.1 mL diluted phospholipid for 30 seconds 
at 37 °C, after which 0.1 mL of 0.03 mol/L calcium chloride was 
added and the clotting time recorded. In experiments using platelets, 
0.1 mL of calcium ionophore-treated platelets was substituted for 
phospholipid. 

Preparation of washed, ionophore-treated platelets. Citrated 
blood was centrifuged at 150 g for 15 minutes at room temperature. 
The platelet-rich plasma supernatant was centrifuged at 1,500 g for 
ten minutes at room temperature and the platelets were washed 
twice by suspension and centrifugation in a buffer consisting of 0.15 
mol/L NaCl, 0.02 mol/L Tris, 0.001 mol/L EDTA, 0.005 mol/L 
glucose, pH 7.5. The twice-washed platelets were resuspended at a 
concentration of 8 x 10°/mL in the same buffer, but without EDTA. 
Activation was achieved by adding to 2 mL of platelet suspension 1 
uL of a 5 mmol/L solution of calcium ionophore A23187 (Calbio- 
chem, San Diego, Calif) in absolute ethanol (giving a final concen- 
tration of 2.5 umol/L, and incubating for five minutes at room 
temperature. The ionophore-treated platelets were used immediately 
or frozen in aliquots at —70 °C for future use 


RESULTS 


Effect of phospholipid concentration on the RVVT. Rus- 
sell viper venom was diluted to give a clotting time in normal 
plasma of approximately 25 seconds. At this dilution, shghtly 
better separation of lupus anticoagulant and normal plasma 
was achieved than at higher venom concentrations. Since 
lupus anticoagulants are antibodies with immunologic reactiv- 
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ity towards anionic phospholipids, we wished to increase the 
test sensitivity further by using the minimal concentration of 
phospholipid reagent necessary for prothrombin activation. As 
can be seen in Fig 1, Thrombofax was slightly inhibitory when 
used undiluted, and was optimal at a dilution of 1:2 to 1:4, 
when tested in normal plasma. However, optimal separation of 
lupus anticoagulant from normal plasma was achieved at a 
Thrombofax dilution of 1:8 or greater. At this phospholipid 
concentration lupus anticoagulant patients were clearly 
abnormal, even though some had a normal RVVT with 
undiluted phospholipid reagent. The coefficient of variation of 
this test, determined by performing 20 replicates on a single 
normal plasma, was 0.8%. The normal range, determined on 
14 fresh normal plasmas, was 26.2 + 1.5 sec (+ 2 SD). The 
normal range observed in our laboratory over a 3-year period, 
using fresh and frozen plasmas, was 25.6 + 2.6 sec (+ 2 SD). 
We consider clotting times of 30 seconds or greater (>3.8 SD 
above the mean) to be abnormal, and make a presumptive 
diagnosis of a lupus anticoagulant when an abnormal test is 
not corrected by addition of an equal volume of normal 
plasma Using this test, we have diagnosed the presence of a 
lupus anticoagulant in 29 patients referred to us because of the 
suspicion of such an anticoagulant. Of the 29 patients, only 24 
had a prolonged aPTT. Of the remaining five, two patients 
were on steroid therapy at the time of our study but had a 
prolonged aPTT previously; one patient had a chloroproma- 
zine-related lupus syndrome with an antinuclear antibody 
titer of 1:320 and a rapid plasma reagin (RPR) titer of 1:16; 
the fourth patient had a history of recurrent abortions; and the 
fifth patient had systemic lupus erythematosus. 

Substitution of platelets for phospholipid in the dilute 
RVVT. The effect of substituting calcium ionophore- 
activated platelets for the phospholipid reagent was investi- 
gated as follows. Ionophore-treated platelets were diluted to 
a concentration giving an RVVT of 23 to 28 seconds. The 
concentration of platelets necessary to give this clotting time 
is variable with the platelet preparation, ranging between 
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Fig 1. Effect of phospholipid concentration on the dilute 


RVVT. Bars are normal controls and closed circles are lupus 
patients. 
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Fig 2. Effect of platelets and phospholipid on the RVVT of 
lupus anticoagulant plasmas. Hatched areas are the 2 SD normal 
ranges. 


50 x 10°/mL and 200 x 10*/mL. Washed, ionophore- 
treated platelets are stable in suspension at least during the 
day they are prepared, and can be quick-frozen at least once 
and stored for 12 months or more at — 70 ?C without loss of 
activity. As can be seen in Fig 2, in 17 of 19 cases tested in 
this manner the RVVT was completely normal when per- 
formed with platelets rather than phospholipid. In the other 
two cases the RVVT was not completely normalized. These 
two patients had very prolonged dilute RVVTs and, in 
addition, one of the two was receiving oral anticoagulants. 

The dilute RVVT in coagulation factor deficien- 
cies. The dilute RVVT is normal in plasma deficient in 
factors VII, VIIT, IX, XI, or XII. Plasmas with factor V or 
factor X levels below 0.4 U/mL and plasmas from patients 
receiving oral anticoagulants give a prolonged dilute RVVT. 
However, in these situations the prolonged test is normalized 
by the addition of an equal volume of normal plasma (Fig 3). 
In contrast, addition of an equal volume of normal plasma 
does not correct the dilute RVVT of lupus anticoagulant 
plasma. In fact, an occasional lupus anticoagulant plasma 
shows a further prolongation of the RVVT test on admixture 
with normal plasma (Fig 3), an effect previously referred to 
as the “lupus cofactor” phenomenon.**”” 

The dilute RVVT in the presence of heparin or antibodies 
to coagulation factors. The presence of antibodies to fac- 
tors VIII, IX, or XI does not prolong the dilute RVVT (Table 
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factor-deficient plasmas. O, factor X-deficient plasma; O, factor 
V-deficient plasma; 6€, plasma of patients on oral anticoagu- 
lants. (B) Effect of normal plasma on the dilute RVVT of lupus 
anticoagulant plasma. Equal volumes of patient (P) and normal (N) 
plasma were mixed and the dilute RVVT recorded. Hatched areas 
are the 2 SD normal range. 


I). The presence of an antibody to factor V does prolong the 
test. However, 1n contrast to the lupus anticoagulant, the 
prolonged dilute RVVT of factor V antibody plasma does not 
correct when ionophore-activated platelets are used (Table 
2). 

As shown in Fig 4, the dilute RVVT, like the aPTT, is 
prolonged by therapeutic levels of heparin. The dilute RVVT 
appears to be less sensitive than the aPTT in this regard. 
Below 0.2 U/mL of heparin, the prolongation of the dilute 
RVVT is corrected when ionophore-treated platelets are 
substituted for phospholipid (data not shown). 

Comparison with the aPTT and the tissue thromboplastin 
inhibition test. As can be seen in Fig 5A, 25 of 29 patients 
had prolongations of the aPTT and the dilute RVVT, while 
four patients with an abnormal dilute RVVT had a normal 
aPTT. As shown in Fig 5B, 11 of 14 patients studied were 
abnormal in both dilute RVVT and TTI tests. However, two 
patients with potent IgM lupus anticoagulants had a normal 
TTI while a third patient, with a weak lupus anticoagulant, 


Table 1. Effect of Antibodies to Coagulation Factors 
on the Dilute RVVT 





Titer Dilute RVVT 
Antibody (Bethesda U/mL) (seconds) 
Factor VIII 38 25.9 
Factor VIII 87 26.3 
Factor VIII 7 26.8 
Factor VIII 23 25.7 
Factor VIII 14 26.7 
Factor IX 85 27.1 
Factor XI 415 26.4 
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Table 2. Effect of Factor V Antibody on the'Dilute RVVT 














Dilute RVVT 
Factor V Antibody Phospholipid Platelets 
Concentration — 
(Bethesda U/mL) (seconds) 

663.0 68 9 592 
66.3 66.9 578 
6.63 619 56.7 
0.663 38.5 40.1 
0.066 323 29.2 
0 254 269 





was also normal in the TTI test. Thus, although the correla- 
tion between results of all three tests was good, the dilute 
RVVT appears to be the most sensitive of the three. 


DISCUSSION 


A number of different tests have been proposed and used 
for the diagnosis of lupus anticoagulants, reflecting the 
difficulty in reaching a consensus concerning their definition 
and mechanism of action.” It is now clear that lupus 
anticoagulants have immunologic reactivity towards anionic 
phospholipids and thereby prolong phospholipid-dependent 
coagulation tests. Nevertheless, phospholipid-dependent 
tests may show variable sensitivity and/or specificity toward 
lupus anticoagulants for several reasons. First, there are no 
standards for phospholipid reagents used in coagulation 
tests, and the quantity of phosphatidylserine present in such 
reagents, for example, has been shown to affect their sensitiv- 
ity toward lupus anticoagulants.” One test? does not 
utilize any added phospholipid, presumably relying on phos- 
pholipid originating from the plasma or the "platelet 
dust."*9^* Second, the physical state of the phospholipid 
differs in different tests. the aPTT and the RVVT utilize 
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the TTI (B). Open circles are patients with IgM lupus anticoagu- 
lants. Closed circles are patients with IgG or a mixture of IgG and 
IgM lupus anticoagulants. Dotted lines indicate upper limits of 
normal for the tests. 


phospholipid in micellar form, whereas the TTI and the 
prothrombin time (PT) make use of tissue thromboplastin, in 
which the phospholipid is protein-bound. Third, the tests 
vary in their response to deficiencies of clotting factors and to 
antibodies to clotting factors. For instance, antibodies to 
factor VIII may prolong the aPTT, but not the RVVT. 
Finally, there appear to be variations in test sensitivity 
related to the immunoglobulin class of the lupus anticoagu- 
lant; for example, as we have shown, some IgM anticoagu- 
lants do not prolong the TTI, although they do prolong other 
tests. As a result, the incidence of lupus anticoagulants has 
not been clearly established, since patients may be positive in 
one test and not another. 

Strategies to increase the sensitivity of tests have taken 
two forms. Since lupus anticoagulant activity is less evident 
in the presence of platelets, 54$ the use of platelet-free 
plasma has been advocated. Second, as in our procedure, 
several tests make use of limiting concentrations of phospho- 
lipids to increase their sensitivity. We have chosen the RVVT 
as our primary test for the diagnosis of lupus anticoagulants, 
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since it is unaffected by the presence of antibodies to factors 
VIII, IX, or XI, and have further increased the sensitivity of 
the test by using limiting concentrations of both phospholipid 
and venom. This test is easy to perform and highly reproduc- 
ible. Nevertheless, it is not entirely specific for lupus antico- 
agulants. Coagulation factor deficiencies can prolong the 
dilute RVVT, but these can be easily excluded by repeating 
the test on a mixture of normal and patient plasma. The 
presence of an antibody to factor V, an extremely rare event, 
also prolongs this test. However, in one factor V antibody 
patient whom we had the opportunity to study, substitution 
of ionophore-treated platelets for the phospholipid reagent 
did not correct the test, unlike the findings with lupus 
anticoagulants. Furthermore, the presence of a factor V 
antibody is associated with a marked prolongation of the PT, 
a rare occurrence with lupus anticoagulants. Nevertheless, 
definitive exclusion of a factor V antibody requires specific 
measurement of factor V inhibition in a mixture of patient 
and normal plasma. 

Finally, therapeutic concentrations of heparin prolong the 
dilute RVVT, although to a somewhat lesser extent than the 
aPTT (Fig 4). Heparin effects can be ruled out by measure- 
ment of the thrombin time, since this test is normal in the 
presence of a lupus anticoagulant. 

The significance of the presence of a lupus anticoagulant 
does not lie in its association with bleeding, which rarely, if 
ever, occurs as a result of the lupus anticoagulant alone,*”*’> 
but rather in the fact that approximately 25% to 30% of 
patients with this antibody have a history of thromboembolic 
phenomena, i5 or repeated spontaneous abortions." The 
presence of anticardiolipin antibodies, as measured by any 
one of several immunologic techniques, has also been identi- 
fied as a risk factor for thrombosis." *" However, the 
relationship between these two measurements has not been 
evaluated adequately. It is clear, for example, that some 
types of “anticardiolipin” antibodies are not associated with 
an increased thrombotic risk. For example, positive serologic 
tests in patients with syphilis are due to reactivity of patient 
serum with cardiolipin, yet patients with syphilis do not have 
an increased prevalence of lupus anticoagulants or of throm- 
boembolic disease." For an adequate understanding of the 
biologic role of antibodies reactive with anionic phospho- 
lipids, it will be necessary to standardize both types of tests. 
The dilute RVVT which we describe here is simple and 
reproducible. Moreover, as we have demonstrated, it is more 
sensitive than the aPTT and the TTI, and thus should be 
highly useful as a screening diagnostic test for further 
studies. 
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Complement Proteins C5b-9 Stimulate Procoagulant Activity 
Through Platelet Prothrombinase 


By Therese Wiedmer, Charles T. Esmon, and Peter J. Sims 


The capacity of platelets treated with nonlytic concentra- 
tions of the C5b-9 proteins to catalyze prothrombin activa- 
tion and thereby trigger clot formation has been investi- 
gated. When suspended in the presence of exogenous 
factors Xa and Va, gel-filtered platelets treated with puri- 
fied C5b-9 proteins catalyzed prothrombin to thrombin 
conversion at rates up to tenfold above controls, and 
exceeded by up to fourfold the prothrombinase activity 
observed for thrombin-stimulated platelets. In the absence 
of added factor Va, Cbb-9 assembly on the platelet surface 
significantly shortened the lag period before prothrombi- 
nase expression that was observed for untreated platelets 
and increased the maximum catalytic rate of thrombin 
formation. A comparison with other platelet stimuli 


HERE IS NOW substantial evidence that the normal 
hemostatic function of the blood platelet can be 
affected by various components of the complement system.’ 
Exposure of platelet-rich plasma to zymosan, an activator of 
the alternative complement pathway, results in platelet 
aggregation and release,” as well as increased platelet pro- 
coagulant activity. Using gel-filtered platelets, Polley and 
Nachman^? observed that thrombin-stimulated aggregation 
and serotonin release are potentiated in the presence of C3 
plus C5 through C9, and they presented evidence that this 
increased response is directly related to thrombin-initiated 
assembly of C5b-9, which occurs without lysis of the plasma 
membrane. The potential for sublytic modulation of platelet 
function by the terminal complement proteins has also been 
described by Hansch et al,° who reported that C5b-9 binding 
to the platelet surface can stimulate arachidonate metabo- 
lism through the cyclooxygenase pathway. We have recently 
reported that the purified C5b-9 proteins, when assembled 
on gel-filtered platelets, can modulate the electrochemical 
state of the plasma membrane in the absence of cell lysis, 
initiating a transient and reversible depolarization of mem- 
brane potential Furthermore, insertion of the C5b-9 pro- 
teins into the platelet plasma membrane results in a rise in 
cytoplasmic Ca?** and vesiculation of the plasma membrane 
with concomitant removal of the C5b-9 complex,’ raising the 
potential role of terminal complement proteins in the modu- 
lation of membrane-localized reactions of the coagulation 
pathway. We now demonstrate directly that assembly of the 
purified complement proteins C5b-9 on the plasma mem- 
brane of gel-filtered platelets increases platelet prothrom- 
binase activity without lysing the cell, and that this cellular 
response can be triggered in the absence of exogenous factor 
Va. 


MATERIALS AND METHODS 


Materials. Prostaglandin E, (PGE,), nystatin, and bovine 
serum albumin (fatty acid-free) were purchased from Sigma, St 
Louis, and A23187 was obtained from Calbiochem, San Diego 
Spectrozyme TH was from American Diagnostica, Greenwich, 
Conn. All other chemicals were of reagent or analytical grade. 

Solutions. Medium I. 145mmol/L NaCl, 4 mmol/L KCl, 1 
mmol/L MgCl, 0.5 mmol/L sodium phosphate, 0.1% (wt/vol) 
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revealed that the C5b-9-induced activation of platelet 
prothrombinase closely paralleled the effects mediated by 
calcium ionophore A23187. Our data suggest that the 
C5b-9 proteins promote the release of platelet factor V and 
the assembly of the prothrombinase complex, thereby 
potentiating the effects of thrombin on the activation of 
prothrombinase. Membrane assembly of the Cbb-9 pro- 
teins was also observed to markedly accelerate the rate of 
platelet-catalyzed plasma clotting, suggesting a direct link 
between C5b-9-mediated prothrombinase activation and 
procoagulant activity accompanying immunologic damage 
to the platelet. 
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glucose, 0.1% (wt/vol) bovine serum albumin, 25 nmol/L PGE;, and 
5 mmol/L PIPES, pH 6.8. Medium II: 145 mmol/L NaCl, 4 
mmol/L KCl, 1 mmol/L MgCL, 0.5 mmol/L sodium phosphate, 
0.1% (wt/vol) glucose, 1% (wt/vol) bovine serum albumin, and 5 
mmol/L HEPES, pH 7.4. Medium III: Medium II containing 2.5 
mmol/L CaCl,. 

Platelets. Freshly prepared platelet-rich plasma from normal 
volunteers was obtained through the facilities of the Oklahoma 
Blood Institute PGE, was added at a final concentration of 25 
nmol/L. Except where indicated, platelets were kept at room 
temperature and plastic was used throughout. After an initial 
low-speed spin to remove contaminating red cells (four minutes, 200 
g), the platelets were concentrated by centrifugation (20 minutes, 
500g) After careful suspension in 0.5 to 1 mL of Medium I, the 
platelets were gel-filtered on a column (0.9 x 30 cm) of Sepharose 
CL-2B (Pharmacia, Piscataway, NJ) equilibrated in Medium I. Cell 
counting and resistive sizing were performed using Models ZBI and 
Channelyzer (C 1000), Coulter Electronics, Hialeah, FL. 

Coagulation proteins. Bovine factor Va,'° factor Xa," pro- 
thrombin" and human and bovine thrombin" were isolated by minor 
modifications" of the methods cited above. 

Complement proteins. Human complement proteins C5b6, C7, 
C8 and C9 were purified and analyzed for functional activity as 
previously described.'*"* Before addition to platelet suspensions, the 
proteins were dialyzed into Medium II. 
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_ C8-deficient plasma. — Citrated plasma was depleted of C8 by 
absorption against the IgG fraction of goat antiserum raised against 
purified C8. 

C5b67 platelets. To assemble membrane-bound C5b67 com- 
plexes, gel-filtered platelets were suspended with C5b6 and C7 (15 
ug and 5 ug, respectively, per 1 x 10° cells) with rapid mixing in a 
final volume of 100 ul. After incubation for three minutes at 37 °C 
the C5b67 platelets were recovered and used immediately. 

C5b-9 platelets To assemble membrane-bound C5b-9, C5b67 
platelets were suspended in Medium III at 1 x 10* cells/mL and 
incubated for 10 minutes at 37 °C in presence of 4 ug/mL of C9 and 
various amounts of C8 as indicated in the text. 

Platelet prothrombinase. Gel-filtered platelets (untreated, or 
treated with complement proteins, thrombin, or ionophores) were 
suspended at 37 °C in Medium III at 8 x 107 /mL in the presence of 
2.7 umol/L prothrombin, and, either 0 or 2 nmol/L factor Va. The 
reaction was started by addition of factor Xa (final concentration 1 
nmol/L), and at the times indicated in figure legends, 50-uL aliquots 
of the reaction mixture were removed into 450 uL of an ice-cold 
solution containing 10 mmol/L EDTA, 10 mmol/L TES, 150 
mmol/L NaCl, and 1% (wt/vol) albumin, pH 75. Thrombin 
generated was assayed in a medium containing 10 mmol/L TES, 
150 mmol/L NaCl, 01% (wt/vol) albumin, pH 75, and 100 
pmol/L Spectrozyme TH as substrate. From the rate of change in 
absorbance at 405 nm thrombin activity was calculated using 
purified thrombin as a standard. 

Clotting assays. Gel-filtered C5b67 platelets (and matched- 
pair controls) were prepared as described above and each suspended 
to 4 x 10°/mL in Medium II. In the first stage of the assay, 0.1 mL 
of platelets (4 x 10’ cells) were mixed with 0.1 mL of platelet-poor 
plasma (PPP), C8-deficient PPP (C8D-PPP), or C8D-PPP reconsti- 
tuted with various amounts (0 to 10 ug) of C8. After incubation for 
three minutes at 37°C (to allow C8/C9 binding) clotting was 
initiated by addition of 0.1 mL each factor Xa (4 x 107? mol/L) 
and CaCl, (25 mmol/L) stock solutions at 37 °C (final volume, 0.4 
mL). 

Lactate dehyrogenase release Platelet lysis was estimated from 
the release of cytoplasmic lactate dehydrogenase (LDH) determined 
under conditions identical to those used in the assay for platelet 
prothrombinase activity or platelet factor 4 release (below). Enzyme 
assay was performed according to Wroblewski and LaDue," with 
total LDH obtained by lysing platelets in 0.1% Triton X-100 
(Calbiochem, La Jolla, Calif) 

Platelet factor 4 release. Platelet a-granule release was quanti- 
tated by platelet factor 4 (PF4) radioimmunoassay (Abbott Labora- 
tories, North Chicago, Ill). 4 x 10’ gel-filtered platelets (controls or 
C5b67-treated) were suspended at 37 °C in 0.5 mL Medium III in 
the presence of either 120 ng C8 4- 1.6 ug C9, 5 U thrombin, or 2.5 
umol/L A23187. After ten minutes, 25 uL thrombotect reagent 
(Abbott) was added, the samples transferred to an ice-water bath 
(30 minutes), and centrifuged (2500 g) for 20 minutes. The superna- 
tants were saved and immediately assayed for PF4 and LDH 


RESULTS 


Effect of complement proteins C5b-9 on platelet proco- 
agulant activity. It has recently been demonstrated that 
incubation of platelet-rich plasma with zymosan leads to 
membrane deposition of C3b and to enhanced platelet pro- 
thrombinase suggesting a role for serum complement in the 
modulation of platelet procoagulant activity. In this study, 
we examined the specific role of the terminal C5b-9 proteins 
in the procoagulant activity of platelets observed after 
complement activation. As shown by the data of Table 1, 
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Table 1. Effect of Terminal Complement Proteins 
on Plasma Clot Formation 





Plasma Clotting Time (sec)* 








Platelets PPP C8D-PPP C8D-PPP + C8ł 
Control 842 = 1.0 82.00+26 820+ 2.0 
C5b67 353 + 1.3 84.5 + 2.3 31.3412 
Control 

+ A23187 38.3+10 351+ 1.3 N.D 





PPP, platelet-poor plasma; C8D-PPP, C8-deficient PPP. 
*Mean + SD (n = 3) 
+10 ug C8 added to 100 ul of CBD-PPP. 


incubation of platelets under conditions leading to mem- 
brane assembly of the C5b-9 proteins significantly increased 
the rate of plasma clot formation. The enhanced procoagu- 
lant activity observed for C5b67 platelets suspended in 
autologous plasma (providing a source of C8 and C9 for 
membrane assembly of C5b-9) was completely reversed in 
C8-depleted plasma (Table 1 and Fig 1), confirming that 
accelerated plasma clotting required binding of the terminal 
complement proteins (at least through C8) to the platelet 
surface, and was not due to effects of the added C5b67 
proteins per se. As shown by the data of Fig 1, the procoagu- 
lant activity observed for C5b67 platelets was restored in a 
dose-dependent fashion by addition of C8 to C8D-PPP, 
plasma clotting times approaching that observed for these 
cells in normal plasma when C8 was added to C8D-PPP in 
amounts equivalent to the normal plasma concentration of 
the protem (55 ug/mL). By comparison, clotting times 
observed for control platelets suspended under these condi- 
tions were unaffected by changes in the plasma concentra- 
tion of C8 (Table 1). 

Effect of C5b-9 on platelet prothrombinase. The capac- 
ity of the C5b-9 proteins to stimulate assembly of the platelet 
prothrombinase was investigated in a plasma-free system. 
C5b67 platelets (or controls) were incubated at 37 °C in the 
presence of factors Va and Xa, prothrombin, and excess C9, 
and at the time indicated C8 was added to initiate the 
assembly of the C5b-9 complex. As illustrated by the data of 
Fig 2, addition of C8 to the C5b67 platelets (suspended with 
excess C9) resulted in a rapid increase in the rate of 
thrombin production. In addition to increasing the platelet's 
capacity to assemble the prothrombinase, treatment with the 
C5b-9 proteins (in the absence of Xa, Va, or prothrombin) 
also resulted in a partial release of platelet factor 4 without 
causing cell lysis (Table 2), suggesting that prothrombinase 
activity observed after membrane binding of these proteins 
may be related to a triggered secretion of a-granule contents. 
By contrast, prothrombinase activity and PF4 release of 
control cells was unaffected by C8 and C9 additions. In some 
experiments, prothrombinase activity of C5b67 cells sus- 
pended in the absence of C8 was slightly increased compared 
to complement-free controls, suggesting either (a) a small 
effect of membrane-bound C5b67 on the rate of prothrombi- 
nase or (5) the presence of trace amounts of contaminating 
C8 associated with the gel-filtered platelets. 

In Fig 3, the effect of the preformed C5b-9 complex on 
prothrombinase was measured both in the presence and 
absence of added factor Va. When no exogenous Va was 
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Fig 1. Effect of complement proteins C5b-9 
on platelet procoagulant activity. Gel-filtered 
C5b67-platelets were prepared as described in 
Materials and Methods and suspended to 4 x 
10°/mL in Medium Il. After incubation in C8D- 39 
PPP reconstituted with various amounts (0 to 10 
ug) of C8, plasma clotting times at 37 °C were 


Clotting Time (seconds) 


40 


20 


measured as described in Materials and Meth- 0 


ods. 


present (Fig 3A), control and C5b67 platelets produced very 
small amounts of thrombin, with a lag period of several 
minutes. Assembly of C5b-9 on platelets augmented pro- 
thrombinase activity in a dose-dependent fashion (compare 
Fig 1) and the lag period before thrombin formation was 
shortened with increasing input of C8. Following this initial 
lag phase, maximal rates of prothrombin conversion 
approaching tenfold control levels were observed at the 
maximal input of C8 (120 ng per 4 x 10’ C5b67 platelets) 
employed in these experiments. Supplementation with factor 
Va (Fig 3B) resulted in near-linear rates of prothrombin 
conversion (observed for both control and C5b-9-treated 
cells) detected immediately after factor Xa additions (ie, no 
lag phase was apparent). Under these conditions, maximal 
rates of prothrombin conversion approaching tenfold that of 
controls were again observed for the C5b-9-pretreated plate- 
lets. Under conditions depicted in Fig 3, no cell lysis was 
detected, even at the highest input of C8 (120 ng per 4 x 10’ 
platelets). Incubation of C5b67 platelets with greater 


Thrombin (U/ 10? platelets) 





Time (minutes) 


Fig 2. Effect of C5b-9 proteins on platelet prothrombinase 
activity. Gel-filtered control (O) and C5b67 (@, A) platelets were 
suspended at 37 °C in Medium Ill at 8 x 10’/mL in the presence of 
2.7 umol/L prothrombin, 2 nmol/L factor Va and 3.2 ug/mL C9. 
The reaction was started by addition of 1 nmol/L factor Xa. At 
time indicated by arrow, C8 (120 ng) was added to C5b67 (A) and 
control (O) platelets. At times indicated, 50-ul aliquots were 
removed and assayed for thrombin as described in Materials and 
Methods. 
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amounts of C8 (above 120 ng per 4 x 10’ cells; not shown) 
increased the rate of thrombin generation above that shown 
in Fig 3, but also resulted in a detectable increase in cell lysis 
above that observed for controls. 

Comparison of C5b-9 with other platelet stimuli. The 
influence of the C5b-9 proteins on the platelet prothrombi- 
nase observed under conditions described for Fig 3 was 
compared to the effect mediated by thrombin and the Ca’ 
ionophore A23187, two potent platelet activators (Fig 4). 
Platelets were preincubated (ten minutes, 37°C) with 1 
U/mL thrombin, or 1 „mol/L A23187 to stimulate platelet 
activation and release reactions, and then tested for their 
capacity to assemble the prothrombinase. In the presence of 
exogenous factor Va (B), incubation with 1 U/mL bovine or 
human (not shown) thrombin elevated prothrombinase activ- 
ity slightly over that of control platelets, whereas treatment 
of cells with nonlytic amounts of the C5b-9 proteins resulted 
in a fivefold increase in the rate of thrombin formation, 
which was comparable to the response observed after expo- 
sure of the platelets to 1 umol/L A23187 under these 
conditions. It should be noted that increased rates of pro- 
thrombin conversion were observed when the concentrations 
of C8, thrombin, or A23187 were increased above levels 
employed in experiments described for Fig 4. Because higher 
concentrations of these agents also resulted in increased cell 
lysis (above levels detected for untreated controls), only data 
for cells treated with 1 U/mL thrombin and 1 pmol/L 


Table 2. Platelet Factor 4 Release 








PF4 Release Lysis 

Platelets {ng/10° cells) (%) 
Control 15 + 6* 0.40 
Control + C8/C9 17+5 0.51 
C5b67 23 £14 032 
C5b-9 167 + 35 0.42 
Thrombin 1400 + 72 0.60 
A23187 1300 + 103 1.70 
Thrombin + C5b-9 1225 + 176 1.10 





*Mean + SD 
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Fig 3. Change in platelet prothrombinase due to C5b-9 
assembly: Titration of C8. Gel-filtered C5b67 platelets (4 x 107) 
were suspended in 0.4 mL of Medium Il! and incubated for ten 
minutes at 37 °C in the presence of 1.6 ug of C9 and O ng (O), 30 ng 
(A), 60 ng (A) or 120 ng (L1) of C8. After addition of prothrombin 
(2.7 pmol/L} and factor Xa (1 nmol/L), prothrombinase was 
measured in the absence (A) or presence (B) of 2 nmol/L factor Va 
as described in Materials and Methods. Control platelets (6) are 
also shown. Release of LDH amounted to 1.2% (8), 1.2% (O), 1.396 
(A), 1.4% (A), and 1.2% (L1), respectively. 


A23187 are shown. By comparison, thrombin generation by 
platelets incubated with sublytic concentrations of another 
channel-forming agent, the Na* /K* ionophore nystatin, was 
indistinguishable from controls. In the absence of added 
factor Va (Fig 4A), pretreatment of platelets with 1 U/mL 
thrombin abolished the lag period before onset of prothrom- 
binase activity. By contrast, treatment of the cells with either 
A23187 or C5b-9 shortened—but did not completely abol- 
ish—this lag period. Although the length of the lag phase 
before prothrombin conversion which was observed in the 
absence of added factor Va was found to vary from experi- 
ment to experiment, in multiple separate experiments per- 
formed under conditions described for Fig 4B a distinct lag 
phase was always observed for those platelets (C5b-9, iono- 


Thrombin (y/108 platelets) 





Time (minutes) 


Fig4. Effect of various platelet stimuli on platelet prothrombi- 
nase. Gel-filtered platelets (4 x 10") were suspended in 0.4 mL of 
Medium Ill and incubated for ten minutes at 37 °C in the presence 
of 1 U/ml of bovine thrombin (A), 5 pmol/L nystatin (6) or 1 
iu mol/L A23187 (Ill), and C5b67 platelets were incubated with 1.6 
ug of C9 and 120 ng of C8 (O). After addition of prothrombin (2.7 
pmol/L) and factor Xa (1 nmol/L), prothrombinase was measured 
in the absence (A) or presence (B) of 2 nmol/L factor Va as 
described in Materials and Methods. Untreated control platelets 
(L1) are also shown. Release of LDH amounted to 1.2% (L1), 1.096 
(9), 0.8% (A), 1.1% (O) and 3.0% (IN), respectively. 
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phore-treated, or controls) not previously incubated with 
thrombin. 

As illustrated by the data in Fig 5A, treatment of the 
C5b-9 cells with thrombin abolished the lag period before 
prothrombin conversion that was observed when these cells 
were assayed in the absence of exogenous Va. The effect of 
the individual stimuli with the same platelet suspension are 
also shown for comparison. Since thrombin also abolished 
the lag period for control platelets, ıt is apparent that 
thrombin pretreatment alone is sufficient to linearize the rate 
of prothrombin conversion. In Fig 5B, results are shown for 
the prothrombinase activity of the same platelets when 
measured in the presence of factor Va. As shown by the data 
of this figure, a relatively small increase in the rate of 
thrombin formation was observed when platelets were pre- 
treated with thrombin in addition to the C5b-9 proteins. In 
three experiments performed under the conditions described 
for Fig 5B, thrombin was generated at an initial rate of 
30.7 + 1.7 units of thrombin/10? platelets x min 
(mean + SD) for C5b-9-treated platelets as compared to 
49.4 + 4.1 for platelets treated with both agonists. 


DISCUSSION 


The data of the present study demonstrate that membrane 
assembly of the C5b-9 proteins can markedly accelerate 
platelet-catalyzed thrombin generation, suggesting one 
mechanism by which the thrombotic reactivity of the platelet 
can be altered following complement activation. In this 
context it is of interest to note that (a) zymosan treatment of 
platelet-rich plasma has been shown to induce nonlytic 
platelet release reactions? and to enhance the rate of throm- 
bin formation via the platelet prothrombinase,! suggesting 
that activated component(s) of the complement system alter 
the platelet procoagulant activity; (5b) platelet aggregation 
and release reactions in response to either zymosan or low 
dose thrombin have been reported to be impaired in plasma 
deficient in C3, C5, C6, or C7, suggesting that the terminal 
complement proteins may specifically play a role in platelet 
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Fig 5. Additive effect of the C5b-9 proteins and thrombin on 


platelet prothrombinase activity. Gel-filtered C5b67 platelets 
(4 x 107) were suspended in 0.4 mL of Medium Ill and incubated 
for ten minutes at 37 °C with 1.6 ug of C9 and 120 ng of C8 in the 
presence (O) or absence (W) of bovine thrombin (1 U/mL), and 
control platelets were treated with 1 U/mL of thrombin (A). After 
addition of prothrombin (2.7 umol/L) and factor Xa (1 nmol/L), 
prothrombinase was measured in the absence (A) or presence (B) 
of 2 nmol/L factor Va as described in Materials and Methods. 
Untreated control platelets (9) are also shown. 
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activation; (c) in a plasma-free system, the terminal comple- 
ment proteins have been shown to potentiate thrombin- 
stimulated platelet activation**; and (d) there is evidence 
that the C5b-9 complex spontaneously assembles on the 
surface of this cell during normal blood clotting.” Further- 
more, assembly of the purified C5b-9 proteins on gel-filtered 
platelets has been reported to elevate the intracellular pool of 
free arachidonic acid, with increased conversion of the fatty 
acid through the cyclooxygenase pathway.” Taken together 
with the results of the present study, these observations 
suggest that C5b-9 binding to the platelet surface increases 
the potential for platelet activation and clot formation. 

The capacity of the C5b-9 proteins to accelerate pro- 
thrombin conversion in the presence of saturating quantities 
of factor Va (Figs 2, 3B, 4B, and 5B) closely parallels the 
effects mediated by the calcium ionophore A23187. As 
discussed by Zwaal et al,?*” elevated prothrombinase activ- 
ity in cells treated with A23187 can be correlated with an 
increase in the amount of negatively charged phospholipids 
available for Va binding to the cell surface, due to transbi- 
layer migration of phosphatidylserine from the cytoplasmic 
leaflet of the plasma membrane. Elevated prothrombinase 
activity is also observed after exposure of the cytoplasmic 
membrane surface due to cell lysis.? Under the conditions of 
our experiments, enhanced prothrombinase activity was 
observed in response to sublytic quantities of the C5b-9 
proteins (release of cytoplasmic LDH unchanged from con- 
trol levels even at maximal C8 inputs; Fig 4), suggesting that 
the C5b-9 proteins mimic the effect of calcium ionophores, 
resulting in a change in the transmembrane distribution of 
phosphatidylserine In this context it is of interest to note that 
the C5b-9 proteins have been shown to increase the Ca?*- 
permeability of the plasma membrane*?*? and to induce 
plasma membrane vesiculation.? In addition to their effect on 
plasma membrane permeability, the possibility that the 
proteins directly promote transbilayer migration of phos- 
pholipids can also be suggested, based on the capacity of 
these proteins to disorder the normal lamellar configuration 
of lipid acyl chains.” 

The capacity of the C5b-9 proteins to stimulate platelet 
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prothrombinase even in the absence of exogenous Va sug- 
gests that C5b-9 also promotes release of platelet factor V, 
ultimately providing catalytic amounts of the activated 
cofactor (Va) required for Xa binding to the platelet surface. 
Triggered release of factor V from the platelet’s a-granules 
has previously been demonstrated following platelet stimula- 
tion by arachidonic acid and thrombin, as well as in response 
to calcium ionophores.5?'?* The pronounced lag preceding 
thrombin generation by C5b-9—treated platelets suspended 
under these conditions (ie, in the absence of factor Va—Figs 
3A, 4A, and 5A) suggests that factor V released from 
C5b-9-treated platelets is only slowly converted to Va, 
presumably requiring feedback of either Xa or thrombin on 
factor V Because the C5b-9 proteins can apparently increase 
the number of membrane sites for assembly of the prothrom- 
binase as well as promote release of platelet factor V, the net 
effect of their binding to the platelet surface is to markedly 
potentiate the effects of thrombin on the activation of the 
platelet prothrombinase (Fig 5). One might speculate that 
the increased procoagulant activity of the platelet following 
membrane deposition of the C5b-9 proteins may account at 
least in part for episodic vascular thrombosis associated with 
complement activation in vivo. 

In summary, we have demonstrated that the C5b-9 pro- 
teins can increase the capacity of the platelet membrane to 
catalyze thrombin generation by prothrombinase and that 
this procoagulant activity associated with the terminal 
complement proteins can occur without lytic rupture of the 
plasma membrane. Furthermore, our data suggest that the 
effects of the C5b-9 proteins on platelet prothrombinase may 
be related to their capacity to act as a calcium ionophore, 
promoting both the secretion of platelet factor V and the 
assembly of the functional XaVa complex. 


ACKNOWLEDGMENT 


Platelet-rich plasma and human serum for these studies were 
generously provided by the Oklahoma Blood Institute. The authors 
wish to acknowledge the technical assistance of Catherine Jett 1n 
complement protein purification and Barbara Irish for her assistance 
1n the preparation of this manuscript. 


REFERENCES 


1. Sundsmo JS, Fair DS: Relationships among the complement, 
kinin, coagulation, and fibrinolytic systems. Springer Semin Immu- 
nopathol 6:231, 1983 

2. Zucker MB, Grant RA: Aggregation and release reaction 
induced 1n human blood platelets by zymosan. J Immunol 112:1219, 
1974 

3. Ozge-Anwar AH, Freedman JJ, Seny: AF, Cerskus AL, 
Blajchman MA: Enhanced prothrombin-converting activity and 
factor Xa binding of platelets activated by the alternative comple- 
ment pathway. Brit J Haematol 57:221, 1984 

4. Polley MJ, Nachman RL: The human complement system in 
thrombin-mediated platelet function. J Exp Med 147:1713, 1978 

5. Polley MJ, Nachman RL: Human complement in thrombin- 
mediated platelet function Uptake of the C5b-9 complex J Exp 
Med 150:633, 1979 

6. Hansch GM, Gemsa D, Resch K: Induction of prostanoid 
synthesis ın human platelets by the late complement components 
C5b-9 and channel-forming antibiotic nystatin: Inhibition of the 
reacylation of liberated arachidonic acid J Immunol 35:1320, 1985 


7. Wiedmer T, Sims PJ: Effect of complement proteins C5b-9 on 
blood platelets. Evidence for reversible depolarization of membrane 
potential J Biol Chem 260:8014, 1985 

8. Sims PJ, Wiedmer T: The thrombotic activity of the C5b-9 
proteins of serum complement: Role of Ca?** and Em. Fed Proc 
44 551, 1985 (abstr) 

9. Sims PJ, Wiedmer T- Repolarization of the membrane poten- 
tial of blood platelets after complement damage: Evidence for a 
Ca**-dependent exocytotic elimination of C5b-9 pores. Blood 
68:556, 1986 

10. Esmon CT: The subunit structure of thrombin-activated 
factor V. Isolation of activated factor V, separation of subunits and 
reconstitution of biological activity. J Biol Chem 254-964, 1979 


11. Owen WG, Esmon CT, Jackson CM: Conversion of pro- 
thrombin to thrombin: Characterization of the reaction products 
formed during activation of bovine prothrombin J Biol Chem 
249-594, 1974 


12. Guinto E: Functional properties of bovine factor Va subunits. 


880 


PhD Dissertation, University of Oklahoma Health Sciences Center, 
Oklahoma City, 1983 

13. Sims PJ: Complement pores in erythrocyte membranes. 
Analysis of C8/C9 binding required for functional membrane 
damage. Biochim Biophys Acta 732:541, 1983 

14. Sims PJ: Complement protein C9 labeled with fluorescein 
isothiocyanate can be used to monitor C9 polymerization and 
formation of the cytolytic membrane lesion. Biochemistry 23:3248, 
1984 

15. Sims PJ, Wiedmer T: The influence of electrochemical 
gradients of Na* and K* upon the membrane binding and pore 
forming activity of the terminal complement proteins J Membr Biol 
78:169, 1984 

16. Wiedmer T, Sims, PJ. Cyanine dye fluorescence used to 
measure membrane potential changes due to the assembly of 
complement proteins C5b-9. J Membr Biol 84:219, 1985 

17. Wroblewski F, LaDue JS: Lactic dehydrogenase activity in 
blood. Proc Soc Exp Biol Med 90.210, 1955 

18 Kane WH, Lindhout MJ, Jackson CM, Majerus PW: Factor 
Va-dependent binding of factor Xa to human platelets. J Biol Chem 
255:1170, 1980 

19. Breckenridge RT, Rosenfeld SI, Graff KS, Leddy JP: Hered- 
itary C5 deficiency in man. III. Studies of hemostasis and platelet 
responses to zymosan. J Immunol 118:12, 1977 

20. Polley MJ, Nachman RL: Ultrastructural lesions on the 
surface of platelets associated with either blood coagulation or with 
antibody-mediated immune injury. J Exp Med 141:1261, 1975 


WIEDMER ET AL 


21 Polley MJ, Nachman RL, Weksler BB. Human complement 
in the arachidonic acid transformation pathway in platelets. J Exp 
Med 153:257, 1981 


22 Bevers EM, Comfurius P, Zwaal RFA: Changes in mem- 
brane phospholipid distribution during platelet activation. Biochim 
Biophys Acta 736:57, 1983 

23. Comfurius P, Bevers EM, Zwaal RFA. The involvement of 
cytoskeleton in the regulation of transbilayer movement of phospho- 
lipid in human platelets. Biochim Biophys Acta 815:143, 1985 


24. Hallett MB, Campbell AK: Is intracellular Ca?* the trigger 
for oxygen radical production by polymorphonuclear leukocytes? 
Cell Calcium 5:1, 1984 


25. Campbell AK, Morgan BP: Monoclonal antibodies demon- 
strate protection of polymorphonuclear leukocytes against comple- 
ment attack. Nature 317:164, 1985 


26. Esser AF, Kolb WP, Podack ER, Muller-Eberhard HJ: 
Molecular reorganization of lipid bilayers by complement: A possi- 
ble mechanism for membranolysis. Proc Natl Acad Sci USA 
76:1410, 1979 

27. Chesney CM, Pifer D, Colman RW: Subcellular localization 
and secretion of factor V from human platelets. Proc Natl Acad Sci 
USA 78:5180, 1981 

28. van Rijn J, Rosing J, van Dieijen G: Activity of human blood 
platelets in prothrombin and in factor X activation induced by 
ionophore A23187. Eur J Biochem 133:1, 1983 


Functional and Immunologic Protein S Levels Are Decreased During Pregnancy 


By Philip C. Comp, Gary R. Thurnau, Joy Welsh, and Charles T. Esmon 


Protein S, is a natural anticoagulant protein which serves 
as a cofactor for activated protein C. During pregnancy and 
in the postpartum period, functional protein S levels are 
significantly reduced (38% + 17.3%, mean + 1 SD) when 
compared to nonpregnant females (97% + 31.6%) 
(P < 0.001). In plasma an equilibrium exists between func- 
tionally active free protein S and protein S complexed with 
C4b-binding protein, which is functionally inactive. As a 
result of this equilibrium either a decreased level of total 
protein S antigen or an elevation of C4b-binding protein 
could lead to reduced protein S activity. C4b-binding pro- 


HE DISCOVERY of two natural anticoagulant plasma 
proteins, protein C and protein S, has provided insight 
into the etiology of venous thromboembolic disease. By 
inhibiting the clotting cascade at the levels of factors V and 
VIII," the enzymatically active form of protein C, protein 
C,, regulates blood clot formation. Protein S serves as a 
cofactor for the anticoagulant effect of protein C,? Heredi- 
tary deficiencies of protein C*? and protein S*”* have been 
described in patients with recurrent thrombotic disease. 
Thrombosis in these patients is presumably due to an inabil- 
ity to regulate and limit the clot formation. 

The development of both functional? and immunologic** 
assays for protein C and protein S has facilitated the 
evaluation of patients with thromboembolic disease. In nor- 
mal individuals approximately 40% of protein S is found free 
in plasma and 60% is complexed to C4b-binding protein 
(C4b-bp), an inhibitor of the complement system.'? At least 
two classes of hereditary protein S deficiency have been 
observed. The first involves reduction of total protein S 
antigen.’ The second is characterized by an abnormal distri- 
bution between free and C4b-bp-bound protein S, with 
normal or mildly reduced total protein S antigen levels, and 
results in a reduction in free protein S.!! Since only free 
protein S is functional as a cofactor for activated protein C, 
both classes of patients have reduced functional protein S 
levels. Clinically, family members with both classes of defi- 
ciency appear to be at increased risk of thrombosis. 

In addition to evaluating patients with a history of throm- 
boembolism, these assays permit investigation of patients 
with medical conditions associated with thrombotic compli- 
cations. Among these conditions, pregnancy was selected for 
investigation because pulmonary embolism remains a major 
cause of maternal death.!? Furthermore, significant changes 
in the levels of many plasma proteins, including many of 
those involved with coagulation," occur during pregnancy. 
Since protein S is distributed between both free and bound 
forms, changes in either total protein S or C4b-binding 
protein could affect protein S activity. 


MATERIALS AND METHODS 


Proteins. Plasma was provided by the Oklahoma Blood Insti- 
tute. Protein C, protein S, and C4b-binding protein were prepared as 
previously described.”** An extinction coefficient of 9.3 for C4b-bp 
was used, 

Polyclonal antibodies. A goat was immunized with protein S, 
and IgG was prepared from the immune serum as previously 
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tein levels measured by enzyme-linked immunoassay are 
not significantly different in pregnant women versus non- 
pregnant controls (103.5% + 21.296 v 100% + 16.9%). 
However, during pregnancy and in the postpartum period, 
total protein S levels are reduced (68% + 10.7%) com- 
pared to nonpregnant controls (100% + 17.0%). This dif- 
ference is significant at P < 0.001. These data demon- 
strated that the reduction in protein S activity observed 
during pregnancy is a result of reduced total protein S 
antigen. 
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described." Affinity-purified goat antibodies directed against pro- 
tein S were purified as follows. Protein S was bound to Affi-Gel 10 (5 
mg protein/mL) (Bio-Rad, Richmond, Calif ) according to the 
manufacturer's directions. The IgG in 0.15 mol/L NaCl in 20 
mmol/L Tris buffer, pH 7.4, was then passed over a 0.6 x 4 cm 
column of the immobilized protein S. The column was then exten- 
sively washed with 4 mol/L NaCl in 20 mmol/L Tris, pH 7.4, 
reequilibrated with 0 15 mol/L NaCl in 20 mmol/L Tris, pH 7.4, 
and the adsorbed IgG eluted rapidly with 0.2 mol/L glycine buffer, 
pH 2.5. Column fractions were collected in tubes containing suffi- 
cient Tris base to bring the pH to approximately 7 to 8. 

Monoclonal antibodies. Two murine monoclonal antibodies 
were prepared! against C4b-binding protein and given the designa- 
tions BP-45 and BP-49, respectively. A monoclonal antibody (desig- 
nated HPS-2) was prepared against protein S. 

Assays. Functional protein S levels were determined as previ- 
ously described." Total protein S antigen levels were determined by 
radioimmunoassay. In a manner similar to previously described 
radiormmunoassays for protein S!^* the assay included a prolonged 
incubation of diluted plasma to promote dissociation of the protein 
S/C4b-binding protein complex. The reagents employed in the assay 
were monoclonal (HPS-2) antihuman protein S bound to Immuno- 
beads (Bio-Rad) and '5]-polyclonal affinity-purified anti-protein S. 
The polyclonal anti-protei S was 1odinated by the iodogen method? 
and had a specific activity of 10 wCi/ug. lodogen was purchased 
from Pierce Chemical, Rockford, Il 

The radioimmunoassay for protein S was performed in two steps. 
Standard pooled plasma (from 20 volunteers who were not pregnant 
or taking oral anticoagulants) was diluted in a serial fashion from 
1:100 to 1-800 in 20 mmol/L Tris buffer, pH 7 4, containing 0.15 
mol/L NaCl and 10 mg/mL bovine serum albumin. The buffer 
contained 0.02% sodium azide and had been passed through a 
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0.45-umol/L Millex-HA filter (Micropore, Bedford, Mass) prior to 
use. Patients’ samples were diluted to 1:200. All diluted plasma 
samples were incubated at 25 °C for 18 hours to promote dissocia- 
tion of protein S from C4b-binding protein. The assay was conducted 
by pipetting 50 uL of the HPS,-Immunobead suspension (containing 
4 mg Immunobeads/mL Tri buffer, pH 7.4, containing 0.15 
mmol/L NaCl) into 1.5-mL micro test tubes (Bio-Rad) Next, 50 
AL of diluted plasma was added and the tube mixed briefly by vortex 
agitation The tubes were closed and incubated at 25 ?C for two 
hours. At that time, 50 uL '*J-polyclonal affinity-purified anti- 
protein S diluted to 14 ng/mL in 20 mmol/L Tris buffer, pH 7.4, 
containing 0.15 mol/L NaCl and 10 mg/mL bovine serum albumin, 
was added (15,000 cpm/assay tube). The samples were mixed and 
incubated for four hours at 25 °C. At that time, 1.3 mL 20-mmol/L 
Tris buffer, containing 2 mol/L NaCl, was added to each tube. The 
tubes were capped and mixed by vortex agitation for ten seconds and 
then the Immunobeads were removed by centrifugation in a Micro- 
fuge B (Beckman, Palo Alto, Calif) for two minutes. Unbound 
antibody was removed by aspiration and the wash steps repeated 
twice. After the final wash, bound '*I-polyclonal anti-protein S was 
quantitated in a -counter (Nuclear Enterprises, Edinburgh, Scot- 
land). Protein S content of patient samples was calculated from the 
standard curve. All samples were run in duplicate Within-day 
variation was 5% and between-day variation was 8%. Patient protein 
S levels were expressed as percentages of the normal plasma pool 
level. To determine if C4b-binding protein levels affected the 
observed protein S level, citrated normal plasma was supplemented 
with 200 ug/mL and 400 ug/mL purified C4b-bp and allowed to 
incubate for 18 hours at 25 °C to permit protein S-C4b-bp complex 
formation (see crossed immunoelectrophoretic analysis below show- 
ing reduction of free protein S following incubation). The samples 
were then assayed for protein S as described above and were found to 
contain 100% + 5% of the expected level of protein S. 

C4b-binding protein determinations were conducted by an 
enzyme-linked immunoadsorbant assay employing two monoclonal 
antibodies (BP-45 and BP-49) which have distinct epitopic specifici- 
ties against C4b-bp Their specificity was examined by conjugating 
the respective antibodies to horseradish peroxidase (Type VI, RZ 
approximately 3.0, Sigma, St Louis) by periodate oxidation.” C4b- 
bp (1 ug/mL in 0.1 mol/L NaHCO,) was adsorbed to 96-well vinyl 
assay plates (Costar, Cambridge, Mass). After removal of unbound 
C4b-binding protein by washing, the ability of unconjugated BP-45 
to block the binding of conjugated BP-49 was tested. Preincubation 
of the C4b-binding protein plates for four hours with BP-45 at 25 
pg/mL did not decrease the binding of conjugated BP-49. However, 
preincubation of the plates with 25 ug/mL BP-49 did block binding 
of conjugated BP-49. In parallel experiments, BP-49 at 25 ng/mL 
did not block the binding of conjugated BP-45. This suggested that a 
sandwich ELISA assay employing these two antibodies would prove 
suitable for measuring C4b-binding protein. Protein S (20 pg/mL) 
did not block the binding of either antibody 

To perform the C4b-bp ELISA, patient plasma diluted to 1:400 
and dilutions of normal pooled plasma (1:100 to 1:1,600) were 
prepared and incubated at 25 °C for 18 hours as described above. To 
prepare the assay plates the BP-45 antibody was absorbed to 96-well 
assay plates, the plates blocked with bovine serum albumin, and 
after washing with 20 mmol/L imidazole buffered saline with 0.02% 
Tween-20, 50 uL of diluted plasma was applied and incubated at 
25 °C for two hours. After washing, 100 uL of 2.5 ug/mL conju- 
gated BP-49 was applied and incubated for two hours. After three 
washings, the bound conjugated BP-49 was detected with substrate 
solution (Kirkegaard and Perry, Gaithersburg, Md) Plates were 
read in a model MR580 Microelisa autoreader (Dynatech, Alexan- 
dria, Va). Patient levels were expressed as a percentage of the 
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normal pool. Within-day variation was 9% and between-day varia- 
tion was 12%. 

Rocket immunoelectrophoresis” and crossed immunoelectropho- 
resis" were conducted as previously described 

Patents All participants gave informed consent to participate 
in the study Pregnant females ranged from 18 to 34 years of age 
with a median age of 22 years. None had a history of thromboem- 
bolic disease. Age-matched controls were not pregnant, not taking 
oral contraceptives, and had no history of thromboembolic disease 
Prepartum blood samples were drawn within 24 hours of delivery 
and postpartum blood samples were obtained 24 to 36 hours after 
delivery. Statistical analysis of protein S and C4b-binding protein 
levels was conducted using the Student's t test. 


RESULTS 


The functional protein S levels of 21 pregnant women 
during the second and third trimesters were compared with 
those of 21 nonpregnant controls (Fig 1). The pregnant 
women demonstrated a mean functional protein S level of 
38% + 17.3% (mean + SD) with 20 of the 21 study subjects 
having levels below 58%. The nonpregnant women had a 
mean functional protein S level of 97.4 + 31.6% with a range 
of 52% to 160%; the difference was significant at the p< 
0.001 level. Functional protein S levels determined immedi- 
ately prior to and immediately following delivery were 
similar to those observed during pregnancy. 

At least two mechanisms could account for the reduced 
functional protein S activity. Total protein S antigen could 
be low, resulting in reduced levels of free (and functionally 
active) protein S, or C4b-binding protein levels could be 
increased, leading to reduced levels of free protein by shifting 
protein S to the complexed (and inactive) form. As an initial 
assessment, crossed immunoelectrophoretic analysis of 
plasma protein S was conducted (Fig 2) to obtain a qualita- 
tive estimate of the distribution of protein S. During preg- 
nancy, free protein S levels are reduced, as evidenced by the 
reduced height of the anodally migrating free protein S peak. 
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Fig 1. Functional protein S levels during the second and third 
trimester and pre- and postpartum: The functional protein S level 
in the pregnant woman was significantly lower (p < 0.001) when 


compared to the controls by the Student's t test. 
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Fig2. Crossed immunoelectrophoretic analysis of protein S in 
normal plasma and during pregnancy. On the left, pooled normal 
plasma (N) demonstrates the two immunoprecipitation peaks 
associated with protein S. The lower, more rapidly migrating peak 
is formed by the precipitation of free protein S with anti-protein S 
antibodies. The taller, more slowly migrating peak reflects the 
protein S associated with C4b-binding protein. On the right is 
plasma from a pregnant woman (P) with a functional protein S 
activity of 6296. During pregnancy, the peak associated with free 
protein S is decreased, reflecting reduced levels of free protein in 
the plasma. In both plasmas the slowly migrating peak demon- 
strates a broad, diffuse band of immunoprecipitation typical of 
heterologous dissociating systems. The pattern observed in this 
pregnant patient's plasma is typical of those seen in the pregnant 
population. Of the 21 pregnant females examined, 20 had free 
protein S peaks lower than that observed in pooled normal 
plasma. 


During crossed immunoelectrophoresis the slowly migrating 
material demonstrates a diffuse band of immunoprecipita- 
tion consistent with dissociation of the protein S/C4b-bp 
complex during the second dimension electrophoresis. To 
investigate the influence of C4b-bp levels on apparent pro- 
tein S antigen, plasma was supplemented with C4b-bp (Fig 
3). Both crossed immunoelectrophoresis and Laurell rocket 
immunoelectrophoresis was performed on normal plasma 
and on the C4b-bp supplemented plasma. Supplementation 
resulted in almost complete disappearance of free protein S 
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Fig 3. Effect of C4b-BP supplementation on apparent protein 
S level, as measured by Laurell rocket immunoelectrophoresis. 
The Laurell rocket pattern of normal plasma is shown above 
application well “a”. The pattern of normal plasma supplemented 
with 200 ug/mL C4b-BP is shown above well “b”. The 4096 
decrease in the height of the rocket results from complexing of 
free protein S with C4b-BP. Evidence for increased complex 
formation is seen in the crossed immunoelectrophoretic patterns 
of the two plasma samples. Above well “A” (normal plasma) two 
peaks, reflecting free and complexed protein S are seen; above 
well “B” (C4b-BP supplemented plasma) only a single peak of 
complexed protein S is seen. The plasma was incubated with 
C4b-BP for six hours at 37 °C prior to electrophoresis to permit 
complex formation. A correction for the dilutional effects of adding 
C4b-BP was made by adding an identical volume of buffer to the 
normal plasma sample. Electrophoresis was conducted in the first 
dimension with plasma in wells “A” and "B". Plasma was placed in 
wells “a” and “b” immediately before the second dimension 
electrophoresis. 
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on crossed immunoelectrophoresis. This redistribution also 
resulted in a 4096 decrease in the height of the Laurell rocket. 
Since the height of the Laurell rockets reflected C4b-bp 
levels as well as protein S, the method was not utilized to 
quantitate protein S antigen. Instead, a radioimmunoassay 
was developed which measured protein S under conditions 
which favor dissociation of the protein S/C4b-bp complex.” 
This assay required the dilution of plasma to 1:100 with a 
subsequent 18-hour incubation of the diluted plasma to 
permit separation of the C4b-binding protein-protein S 
complex. Under these assay conditions, the C4b-binding 
protein level does not affect measurement of protein S 
antigen (see Materials and Methods). 

Employing this assay, the protein S antigen levels in 
pregnant women averaged 68.4% + 10.7% of normal 
(mean + 1 SD) with a range of 51% to 87%. This was 
significantly lower (p « 0.001) than the protein S levels in 
nonpregnant controls: 100% + 16.8% (range 79% to 129%) 
(Fig 4). 

C4b-binding protein levels were not significantly different 
in the pregnant women (103.5% + 21.2%) than in the non- 
pregnant controls (100% + 16.9%). 

Analysis of the functional protein S activity and protein S 
antigen of the combined pregnant and control population by 
linear regression analysis demonstrated a positive correlation 
of 0.56 (0.05 < p « 0.1). When protein S functional activity, 
protein S antigen and C4b-binding protein were analysed by 
multiple linear regression with the functional activity as the 
dependent variable, the correlation with protein S antigen 
was —0.46 and with C4b-binding protein was 0.06. 


DISCUSSION 


Protein S activity in plasma is dependent on free protein S, 
not protein S complexed to C4b-binding protein. Evidence 
for this includes the finding that partially purified protein 
S/C4b-binding protein complex from normal plasma does 
not serve as a cofactor for the anticoagulant activity of 
activated protein C' and the finding that the addition of free 
protein S to protein S deficient plasma restores the activated 
protein C cofactor activity of the plasma to a greater extent 
than does the equivalent amount of complexed protein S.'? 
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Fig 4. Total protein S antigen levels in pregnant women and 
nonpregnant controls. Total protein S antigen was determined by 
radioimmunoassay. The difference was significant at the p < 0.001 
level. 
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Fig 5. Relationship of free protein S level, total protein S 
antigen, and C4b-binding protein level. Using the equilibrium 
relationship Kp = (Free S) (Free C4b-binding protein) / (complex), a 
quadratic equation may be solved to obtain the predicted free 
protein S level at given total protein S and C4b-binding protein 
levels. This was done at five C4b-binding protein levels ranging 
from 50% to 300% of normal over a range of total protein S levels 
from 10% to 200% of normal. The protein concentrations and 
dissociation constant employed were those calculated by Dahl- 
back," ie: C4b-bp 0.28 x 107° mol/L, protein S (total) 0.30 x 10^? 
mol/L and Ko = 0.7 x 1077 mol/L. The five resulting curves are 
labeled with the respective C4b-binding protein level used. As an 
illustration, at 100% total protein S and 100% C4b-binding protein, 
the predicted free protein S level is 100% of normal. 


The relationship between free protein S level, total protein 
S antigen, and C4b-binding protein may be calculated from 
the dissociation constant of the protein S/C4b-binding pro- 
tein complex, and is shown as a nomogram in Fig 5. Using 
this nomogram and employing the average total protein S 
antigen of 68% and the C4b-binding protein levels of 100% 
calculated for pregnant women, the predicted free protein S 
level is approximately 50% of normal. This decreased free 
protein S level is consistent with reduced functional protein S 
activity observed during pregnancy, which averaged 38%. 
The dissociation constant used to predict the expected free 
protein S level was derived using purified proteins and a 
variety of factors may affect its direct application to human 
plasma. Furthermore, the plasma protein changes occuring 
during pregnancy could affect protein S-C4b-BP interac- 
tion. This makes obtaining an exact relationship between 
predicted and observed values in plasma difficult. Nonethe- 
less, this data demonstrates that a reduction in total protein S 
antigen levels results in a quantitatively larger decrease in 
functional protein S activity due to redistribution into a 
complex with C4b-bp. 

Why a significant decrease in total protein S occurs during 
pregnancy is not known. Plasma volume increased by 
approximately 50% during pregnancy? and a dilutional 
effect may play some role in the reduced protein S levels 
observed. However, plasma volume increases progressively 
during pregnancy, plateauing for the last eight weeks before 
term.” Protein S did not show a progressive decrease during 
pregnancy during gestation (Fig 1), making a simple dilu- 
tional effect unlikely. Furthermore, protein C levels were 
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normal in the pregnant women, indicating that dilution of 
this class-similar vitamin K-dependent protein did not occur. 
One woman was followed longitudinally at two-week inter- 
vals postpartum and the protein S level did not return to 
normal until 12 weeks after delivery. The dilutional changes 
associated with pregnancy resolve within the first 2 weeks 
following delivery. Therefore. it is unlikely that increased 
plasma volume causes the reduced protein S levels associated 
with pregnancy. 

What the contribution of reduced protein S activity is to 
the risk of developing thrombophlebitis or pulmonary emboli 
during pregnancy is unknown. Venous thromboembolic dis- 
ease does pose a significant risk to women both during 
pregnancy and in the postpartum period, complicating 
approximately one in 1,000 pregnancies.” Changes in the 
hemostatic system have long been thought to contribute to 
the risk of this complication. During pregnancy, significant 
elevations of factors VIII, IX, and X and fibrinogen have 
been observed.’ Fibrinolytic activity decreases.? Changes 
in these parameters, coupled with significant obstruction of 
venous outflow from the legs," may contribute to the 
tendency to develop venous thrombosis during pregnancy. 
Reduced protein S activity would further shift the hemo- 
static balance to favor clot formation. 

One group of women who may be at a particularly high 
risk of thrombosis during pregnancy are those who have an 
inherited protein S deficiency. Pregnancy may worsen the 
deficiency state and promote thrombosis. Batard et al?! have 
identified two women with congenital protein S deficiency 
whose initial episodes of thrombosis occurred during preg- 
nancy. We have identified three women with similar clinical 
histories. As more congenitally protein S-deficient families 
are identified, opportunities to follow protein S levels during 
pregnancy in congenitally deficient women may become 
available. At present, determination of protein S levels in 
women who have developed thromboembolic complications 
during pregnancy appears reasonable. However, since the 
levels of protein S activity observed during pregnancy are 
nearly as low as those in congenitally deficient individuals 
(15% to 3796),Ó detection of congenital protein S deficiency 
during pregnancy may prove difficult. Examination of other 
family members or waiting until well after parturition may 
be advisable. 
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Trial of Repeated Low-Dose Aspirin in Diabetic Angiopathy 


Giovanni DiMinno, Melvin J. Silver, Anna M. Cerbone, and Scott Murphy 


We compared the ability of aspirin to suppress platelet 
aggregation and thromboxane synthesis in ten normal 
subjects and ten patients with diabetic angiopathy and high 
rate of entry of new platelets into the circulation. When 
single doses of 100 to 1,000 mg aspirin were ingested daily 
for 1 month, there were time gaps between doses in which 
platelets from diabetics and normals aggregated and 
formed thromboxane ex vivo in response to the combina- 
tion of arachidonic acid plus collagen. Similar gaps were 
also found for diabetics, but not for normals, following four 
daily doses (every six hours) of 25 or 100 mg. Our data 


HERE IS A LARGE body of evidence which suggests 
that blood platelets are involved in arterial thrombosis 
and atherosclerosis and that drugs which inhibit platelet 
function may prevent these disorders.’ The antithrombotic 
potential of aspirin is believed to be related to its ability to 
suppress the synthesis of the cyclic endoperoxides, prosta- 
glandins G, and H,, and thromboxane A, (TxA,), which are 
potent inducers of platelet aggregation and secretion as well 
as vasoconstriction.' However, in spite of extensive experi- 
mental and clinical studies, proper dosage and scheduling of 
this drug remain to be determined.” 

In many clinical trials, aspirin has been administered with 
widely different doses and schedules.~'? Studies in normal 
subjects’*'*"® have suggested that after the administration 
of aspirin, the recovery by circulating platelets of the ability 
to synthesize prostaglandins and thromboxane, as well as the 
ability to aggregate and secrete, is related to the entry of new 
platelets into the circulation. Patients with diabetic angiopa- 
thy often have an abnormally short platelet survival time and 
high rate of entry of new platelets into the circulation.'7** To 
inhibit their potential thrombotic role, these new platelets 
should be continually contacting aspirin. Therefore, we 
decided to determine whether repeated low doses of aspirin 
could accomplish this in normal subjects and in patients with 
diabetic angiopathy. 


MATERIALS AND METHODS 
Subjects 


Because of the complexity of the study, only highly cooperative 
patients were chosen. Ten diabetic patients (six men, four women, 39 
to 51 years old) and ten control subjects matched for sex, age, and 
weight were studied. These diabetic patients were selected because 
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show that dose schedules of aspirin which may suffice in 
normals are not effective in patients with diabetic angiopa- 
thy, presumably because these patients have a high rate of 
entry of new platelets into the circulation. We suggest that 
continual suppression of platelet thromboxane synthesis 
and aggregation by low-dose, “slow-release” preparations 
of aspirin would be an ideal long-term approach for the 
prevention of thrombosis in patients with a high rate of 
entry of new platelets into the circulation. 

e 1986 by Grune & Stratton, Inc. 


preliminary studies showed that they had an abnormally high rate of 
entry of new platelets 1nto the circulation We determined this by 
measuring malondialdehyde (MDA) formed by their platelets in 
response to N-ethylmaleimide (NEM) following the method of 
Catalano et al.” An abnormally high entry of new platelets into the 
circulation determined in this manner correlates with a short platelet 
survival time determined by radioisotopic methods ? Six patients 
had microangiopathy Two of them had background retinopathy (ie, 
hemorrhages, microaneurysms, and hard and soft exudates without 
any evidence of neovascularization as determined by fluorangiogra- 
phy). two had extensive neovascularization and two had undergone 
photocoagulation during the previous year Four patients had 
macrovascular complications as judged by the presence of S-T wave 
depression on EKG (four); pathological Q waves (three); absence of 
peripheral pulses (one), presence of bruits over the carotid vessels 
(two), or history of angina pectoris or myocardial infarction (three). 
Patients with macrovascular complications were taking calcium 
channel blocking drugs. No patient had macro- or microalbumin- 
uria. None of the patients or volunteers smoked. Three patients (1 
with macro- and two with microangiopathy) were diagnosed as Type 
I diabetics because of the occurrence of at least one episode of 
ketoacidosis and an abnormal C-peptide response to arginine (less 
than 0.06 pmol/mL C-peptide following intravenous administration 
of 0.5 g/kg body weight of arginine over a 30-minute period; 
sensitivity of the method, 006 pmol/mL). No difference in the 
parameters reported in the results section was found between 
patients with micro- and macrovascular complications or between 
ketotic and nonketotic subjects. All the patients had been on a 1,500 
Kcal diet with a polyunsaturated/saturated fatty acid ratio >1 for at 
least a year and all were on twice-daily injections of regular plus 
intermediate monocomponent insulin (46 to 75 U/d, mean 
59.2 + 18.2 SD). None of the controls had a history of disease known 
to alter platelet aggregation or turnover. Because aspirin is present in 
so many “over-the-counter” medications, all subjects were asked to 
avoid cold remedies. In subjects in whom psychoactive drugs were 
required, seven control and three diabetics, the choice was restricted 
to Valium. Magnesium and aluminum hydroxides (Maalox) were 
taken when required for gastric discomfort. Neither patients nor 
controls had taken any other medication for at least ten days before 
donating blood. There was no difference between diabetic 
(188.2 + 15 7 mg/dL, SEM) and control (196.7 + 14.9) subjects in 
serum cholesterol or triglyceride levels (88.7 + 12.1 mg/dL for 
patients and 96.9 + 13.5 for normals) The body mass index for 
controls was 26 3 and for patients 25 7. Fasting plasma glucose 
concentrations of patients ranged between 125 mg/dL and 240 
mg/dL (mean 187 + 29) Glycosylated hemoglobin determined by 
the method of Rahbar% ranged between 7.1% and 11.4% (mean 
9.0 + 1.1%) with normal values in our laboratory being 7.1 + 0.5%. 
The average duration of diabetes was 8 4 years (range 7 to 13 yrs). 
Informed consent was obtained from all patients and volunteers after 
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approval of the local Human Investigation Committee, and the 
studies were carried out according to the Principles of the Declara- 
tion of Helsinki. 


Materials 


Adenosine triphosphate (ATP), adenosine diphosphate (ADP) 
and aspirin (crystalline) were from Sigma Chemical, St Louis. ATP 
and ADP were dissolved in distilled water and stored in small 
aliquots at —20°C. Collagen (col) was from Kollagen reagent 
Horm, from Hormon-Chemie, Miinchen; arachidonic acid (AA, 
>99% pure) was from Nuchek Prep., Elysian, Minn, and the sodium 
salt was prepared with 100 mmol/L NaHCO, The luciferin- 
luciferase reagent (Chronolume 395) was from Chrono-Log, Haver- 
town, Penn NEM and MDA were from Eastman-Organic Chemi- 
cals, Rochester, NY. Highly specific antibodies to TxB, (Seragen, 
Boston) showed less than 0.05% cross-reactivity with prostaglandins 
E,, D;, and 6-Keto-F,,. Aspirin used in in vitro aggregation studies 
was dissolved fresh daily in 0.3 mol/L sodium acetate and kept at 
4 °C. For oral ingestion studies of aspirin, Aspirina (500-mg tablets, 
Bayer Italia, Milano, Italy); Aspirina Pediatrica (100-mg tablets, 
Bayer Italia) and Vivin C (330-mg tablets of aspirin, Menarini, 
Firenze, Italy) were used. 


Studies on Platelet Aggregation, Secretion, TxB; Synthesis 
and MDA Production 


Nine volumes of blood were drawn into one volume of trisodium 
citrate (3.8%) and platelet-rich plasma (PRP) was prepared by 
centrifuging blood at 200 g for 15 minutes at room temperature. 
PRP was then held at room temperature and used within two hours 
after preparation. Platelet-free plasma (PFP) was obtained by 
centrifuging fresh PRP in an Eppendorf centrifuge (Brinkman 
Instruments, Westbury, NY) at 12,000 g for five minutes at room 
temperature. Platelet counts, determined by phase contrast micros- 
copy, were adjusted to 3 x 10°/mL by diluting the PRP of both 
volunteers and patients with PFP. Platelet aggregation and secretion 
was monitored in a lumi-aggregometer (Chronolog, Havertown, 
Penn). For each sample and its control, arachidonic acid (1 
mmol/L) or an equal volume of vehicle was added in microliter 
amounts to 0.5 mL of PRP which had been stirring at 1,000 rpm at 
37 °C for one minute. Fifteen seconds later, collagen 1 ug/mL or its 
vehicle was added to the mixture and the extent of aggregation and 
secretion was determined after three minutes Secretion of ATP was 
monitored using 50 yl of firefly luciferase and luciferin reagent (10 
mg/mL). The sensitivity was such that concentrations of released 
ATP as low as 0.1 pmol/L could be detected. TxB, was measured by 
radioimmunoassay” in aliquots of the supernatant solutions after 
completion of tests for platelet aggregation and secretion. Sensitivity 
of the assay was such that as little as 0.5 pmol TxB, could be 
detected. Platelet MDA production after stimulation with NEM (50 
mmol/L) was determined tn platelets washed and resuspended in 
protein-free buffer as described by Catalano et al.” 


Clinical Protocols 


Phase 1. Trials of single daily doses of 100, 330 or 1,000 mg 
aspirin. Blood from all the patients and normal volunteers was 
collected two days and one day before the initiation of the study. The 
subjects were then instructed to ingest a 100-mg tablet of aspirin 
with the evening meal once a day for 1 month, and blood samples 
were collected twelve to fifteen hours after the first dose and every 
seven days thereafter. Ingestion of aspirin by all subjects was then 
stopped and 1 month later a similar trial was initiated with ingestion 
of 330 mg aspirin daily for 1 month. One month following the end of 
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the 330-mg trial, a similar trial with 1,000 mg daily was carried 
out 

At the completion of each of these studies blood samples were 
collected every other day for ten days to measure the formation of 
MDA by platelets. 

Phase 2. Trials of multiple doses of 25 or 100 mg aspirin. Pre- 
liminary evidence from Phase 1 indicated that single daily doses 
between 100 mg and 1,000 mg aspirin did not suppress platelet 
thromboxane synthesis, aggregation, or ATP secretion for 24 hours. 
Thus, there were long periods between doses during which signifi- 
cant platelet activity was present Therefore we looked for a dosage 
schedule which would suppress platelet activity continually and two 
new studies were carried out. In both these studies, after a single 
loading dose of 100 mg aspirin, 25 mg or 100 mg aspirin were 
ingested four times daily for 4 weeks. In all subjects blood was 
collected before the initiation of the study, the day following the first 
four-times-daily dose schedule, and every week thereafter. Doses 
were taken at 6 am, 12 noon, 6 pm and 12 midnight. At each visit, 
blood was collected from each subject at 12 noon and 2 pm (ie, six 
hours after the morning dose and two hours after the 12 noon dose). 
As 1n the Phase 1 studies, at the end of 4 weeks the drug was 
discontinued and blood was collected every second day for ten days 
to measure platelet MDA formation. 


Statistical Analysis 


Student's t test for paired and grouped data was used as appropri- 
ate. Nonparametric comparisons showed significant differences 
similar to those found by Student's ¢ test. Regression analysis was 
done using a 58C Texas Instrument calculator. 


RESULTS 


Platelet Aggregation and Secretion After Single Daily 
Doses of Aspirin (Phase 1) 


Twelve to fifteen hours after ingestion of the first dose of 
aspirin (100, 330, or 1,000 mg), platelets from normal or 
diabetic subjects did not aggregate or secrete ATP in 
response to AA (1 mmol/L). However, AA enhanced aggre- 
gation and secretion in response to collagen (1 ug/mL) (Fig 
1) or to ADP (10 umol/L) (data not shown). No difference 
in the amount of the enhancement was found regardless of 
the dosage of aspirin ingested (Table 1). In platelets from 
both normals and diabetics preincubation of PRP samples 
with aspirin (0.5 mmol/L) for 30 minutes at 37 °C abolished 
the ability of AA to enhance platelet aggregation and 
secretion in response to collagen. Controls employing similar 
volumes of the vehicle for aspirin had no effect. Results 
similar to those obtained after the first dose of aspirin were 
found at each weekly measurement for each subject. 


TxB, Formation After Single Doses of Aspirin (Phase I) 


In samples obtained before the administration of aspirin, 
platelets from diabetics formed 1.5 to 2 times as much 
thromboxane as those from normals when challenged with 
AA alone (1 mmol/L) (998 pmol + 116/3 x 10? platelets in 
normals, v 1738 + 204 in diabetics, p < 0.01). Likewise, 
there was greater TxB, formation (p < 0.05) in platelets 
from diabetics than in those from normals in response to the 
combination of collagen (1 ug/mL) plus AA (1 mmol/L) 
(Table 2). Mean concentration of TxB, in PFP collected 
after ingestion of aspirin was below the limit of detection and 
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Fig 1. Representative tracings of aggregation and ATP 
secretion in PRP samples from diabetic patients collected 12 to 15 
hours after ingestion of 100 mg of aspirin in single daily doses. In 
all cases AA was used at 1 mmol/L and collagen at 1 ug/mL. The 
synergistic effect of AA in combination with collagen is evident in 
this figure. Aggregation and secretion studies following the admin- 
istration of single daily doses of 330 mg or 1000 mg of aspirin gave 
similar results. The arrows indicate the time of addition of the 
agonist(s). Similar results were obtained in PRP samples from 
normal subjects. 


was unchanged after the addition of collagen (1 ug/mL) plus 
AA (1 mmol/L). Twelve to fifteen hours after ingestion of 
aspirin (100, 330, or 1,000 mg), platelets in PRP did not 
form thromboxane in response to collagen (1 ug/mL), ADP 
(10 pmol/L) or AA (1 mmol/L) employed alone (data not 
shown), while TxB, was formed in measurable amounts in 
response to the combination of these agents. No difference in 
the amount of thromboxane formed in response to collagen 
plus AA was found when the data obtained after the inges- 
tion of 100 mg were compared to those obtained after 330 mg 
or 1,000 mg of aspirin (Table 2). Platelets obtained from 
diabetic subjects after the ingestion of aspirin also formed 
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significantly more thromboxane than platelets from normals. 
In vitro incubation of PRP (from normals or diabetics) with 
aspirin (0.5 mmol/L) for 60 minutes at 37°C abolished 
thromboxane synthesis, while the vehicle for aspirin did not 
inhibit thromboxane synthesis. 


Aggregation, Secretion and TxB, Formation After 
Repeated Daily Dosing of Aspirin (Phase 2) 


Two hours after the noon dose of 25 mg or 100 mg of 
aspirin (day 2 of the four-times-daily regimen), platelets 
from normals or diabetics did not form measurable amounts 
of TxB, in response to AA (1 mmol/L), either employed 
alone or in combination with collagen (1 ng/mL) (Table 3). 
These platelets did not aggregate or secrete ATP in response 
to AA (1 mmol/L). In addition, AA did not enhance 
aggregation and secretion in response to collagen (1 ug/mL) 
or ADP (10 umol/L). PRP obtained from normal subjects 
six hours after the administration of 25 mg or 100 mg aspirin 
behaved similarly with respect to aggregation and secretion 
and only formed negligible amounts of TxB, (Table 3). In 
contrast, in PRP samples collected from diabetic patients, 
TxB, was formed in significant amounts (Table 3) and the 
synergistic effect of AA plus collagen or ADP on platelet 
aggregation and secretion was observed (data not shown). 
Incubation in vitro of these PRP samples from diabetics with 
aspirin (0.5 mmol/L) for 30 minutes at 37 °C suppressed 
platelet TxB, synthesis and the enhancement by AA of 
aggregation and secretion in response to collagen. Controls 
(vehicle for aspirin) were without effect. Similar results were 
obtained at each weekly measurement for each subject. 


Return of MDA Formation in Circulating Platelets From 
Normal and Diabetic Subjects Following Cessation of 
Aspirin Ingestion 


In both patients and normal volunteers, ingestion of aspi- 
rin was stopped after 4 weeks and the return of MDA 
formation by circulating platelets was determined. Fifty 
percent return of MDA formation in normals was achieved 
in 4.7 + 0.2 days (range 3.5 to 5) while in diabetic patients it 
was achieved in significantly less time; 2.4 + 0.2 days, p < 
0.05 (Fig 2). Both in normals and diabetics no differences 
were found in the recovery of MDA formation with respect to 
the dosage or scheduling of aspirin and no correlation could 


Table 1. Aggregation and ATP Secretion in Response to the Combination of Collagen (1 ug/ml) Plus AA (1 mmol/L) by Platelets in PRP 
From Normal and Diabetic Subjects 12 to 15 hours After the Ingestion of Single Daily Doses of Aspirin (mean + SEM) 


Subjects Before 
Aggregation (LTU) 64+1.3 
Normals 
(n = 10) 
ATP secretion (umo!/L) 3.3 + 0.3 
Aggregation (LTU) 6.812 
Diabetics 
(n = 10) 
ATP secretion (uM) 3.6 20.2 


n = number of subjects tested. 
LTU, light transmission units; 1 unit = 10% light transmittance. 


After Ingestion of Aspirin (mg) 


(100) (330) (1,000) 
3.7 + 0.3* 3.2+02* 31+0.5* 
21+03* 20+0.2* 2.1 + 0.2* 
41+0.4* 4.5 +0.4* 3.8 + 0.4* 
2.8 + 0.2* 2.9 + 0.2* 2.8 + 0.3* 


*p < 0.05 before v after aspirin (both normals and diabetics). All other comparisons are not statistically significant (p > 0.05) 
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Table 2. TxB, Formation in Response to the Combination of Collagen (1 ug/mL) Plus AA (1 mmol/L) by Platelets in PRP From Normal 


and Diabetic Subjects 12 to 15 Hours after the Ingestion of Single Daily Doses of Aspirin (mean + SEM) 
zo e uc ii re ee LC E iM 
TxB, Formation (pmol/3 x 10° Platelets) 


After Aspirin Ingestion (mg) 


Subjects Before (100) (330) (1,000) 
n MdL ee eS Il 
Normals 
(n = 10) 1759 + 316 36.5 + 4.31 27.3 + 3.7 311 + 5.3ł 
Diabetics 
{n = 10) 2813 + 209* 58.4 + 2.5*ł 50.1 + 3.6*łtł 500 + 6.8*t 





n — number of subjects tested 


*p « 0 05 normals v diabetics (both before and after aspirin ingestion) 


tp < 0.01 before v after aspirin (both normals and diabetics). 


The PFP from normals and diabetics contained similar, barely detectable amounts of TxB, (0.8 + O 1 pmol/mL and 1.0 + 0.2, respectively). After the 
ingestion of 100, 330, or 1000 mg aspirin, TxB, content was <0.5 pmol/L in all samples of PFP from normals and diabetic patients 


be demonstrated between the time at which platelets had 
recovered 50% of their ability to form MDA and microangi- 
opathy (r = 0.31), macroangiopathy (r = 0.43) or glycosy- 
lated hemoglobin (r = 0.50). 


DISCUSSION 


When used singly at appropriate concentrations in vitro, 
all naturally occurring aggregating agents induce full plate- 
let aggregation and secretion. Such aggregation and 
secretion may also be induced by combinations of small 
amounts of agents at concentrations that are ineffective 
when used alone.”’ This synergistic effect has been demon- 
strated in vivo and is likely to play a major role in the early 
stages of hemostasis and thrombosis. Animals, such as mice, 
which are very resistant to the thrombotic challenge of 
intravenous injection of large amounts of single aggregating 
agents, die with massive occlusion of the lungs by platelet 
thromboemboli after the injection of very low doses of 
combinations of aggregating agents.” 

Prostaglandin endoperoxides and thromboxane must play 
a critical role in the synergistic effect of combinations of 
agents in vivo as well as in vitro. For example, extremely low 
levels of thromboxane in vitro, in combination with other 
aggregating agents, are sufficient to induce full aggregation 


Table 3. TxB, Formation in Response to the Combination of 

Collagen (1 g/mL) Plus AA (1 mmol/L) in PRP From Normal 

or Diabetic Subjects Two and Six Hours After the Ingestion 

of the Last Dose of Aspirin on Day 2 of the Four-Times-Daily 
Regimen of Aspirin (mean + SEM) 


TxB; Formation (pmol/3 x 10° 


Platelets) 
Aspinn Hours After Aspirin Ingestion _ 
Dose (mg) Subjects 2 6 
25 Normal 
(n = 10) «0.5 2120.3 
Diabetic 
în = 10) <0.5 39.7 + 2.2* 
100 Normal 
(n = 10) «05 1.8 € 0.2 
Diabetic 
{in = 10) <05 31.1 +23* 


*p < 0.01 normals v diabetics 


and secretion.!* In addition, aspirin and other cyclooxygen- 
ase inhibitors protect mice against the thrombotic effects of 
intravenous injections of combinations of aggregating 
agents." Thus aspirin must abolish the synthesis of prosta- 
glandins and thromboxane to achieve a maximal antithrom- 
botic effect. We previously showed that the combination of 
collagen plus AA is the most potent for revealing the 
presence of the very small numbers of platelets able to form 
prostaglandins and thromboxane.'^ Therefore we used this 
combination to evaluate the effectiveness of single daily 
doses of aspirin and found that regardless of the dosage of 
aspirin employed, 12 to 15 hours after the administration of a 
single dose, when about 9846 of thromboxane formation was 
inhibited, the residual 2% sufficed to enhance aggregation 
and secretion of platelets from normals (Table 1). Similar 
results were found in platelets from diabetics (Tables 1 and 2 
and Fig 1). Thus, we did not find a single daily dose of aspirin 
in the range of 100 mg to 1,000 mg able to suppress the 
synthesis of PG endoperoxides/thromboxane for a full 24 
hours. This suggested that the antithrombotic effect of a 
single large dose of aspirin is limited in time (will not last for 
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Fig 2. Return of MDA formation in platelets from normal 
subjects or diabetic patients after cessation of a regimen of a 
single daily dose of 100 mg aspirin for 1 month. Each point is the 
mean x SEM of the data from all the subjects studied. The arrows 
indicate the time at which circulating platelets had recovered 50% 
of their original (before aspirin) ability to form MDA. 
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24 hours) and that repeated small doses of aspirin should be 
more effective. 

It 1s known that the inhibition of prostaglandin and 
thromboxane synthesis by aspirin in circulating platelets is 
an irreversible process." Therefore the formation of prosta- 
glandins and thromboxane following the administration of 
aspirin depends on the entry into the circulation of new 
platelets whose ability to synthesize prostaglandin endoper- 
oxides/thromboxane has not been affected by contact with 
aspirin. Studies using platelets labelled with ?'Cr indicate 
that approximately 10% of platelets turn over every day??? 
Using combinations of collagen plus AA we saw evidence of 
newly formed platelets 12 to 15 hours after the administra- 
tion of aspirin. Within that time period approximately 596 to 
6% of newly formed platelets would be in the circulation. 
Since at least 2% to 3% of platelets that have not contacted 
aspirin are required to produce concentrations of thrombox- 
ane sufficient to act synergistically with other agents, we 
thought that dosing with aspirin four times a day would 
suffice to continually abolish the synthesis of thromboxane. 
In addition to its inhibitory effects on platelets aspirin also 
inhibits the synthesis by endothelial cells of the vasodilator 
and antiaggregating agent prostacyclin, and this could limit 
its usefulness. This possible limitation has been countered 
by observations on the “dose-related” selectivity of aspirin, 
since single, low, daily doses almost completely suppress 
TxB, synthesis with little apparent effect on prostacyclin 
formation.” There has been a recent report on the anti- 
thrombotic efficacy of low-dose aspirin.** However, the pos- 
sible role of prostacyclin in thromboresistance is still uncer- 
tain.*55 Using a low-dose, four-times-a-day schedule, we 
found that 25 mg aspirin suppressed thromboxane synthesis 
and aggregation in response to collagen plus AA by platelets 
from normals. However, four daily doses of 25 mg or 100 mg 
still left time intervals in which platelets from diabetic 
patients aggregated and formed thromboxane in response to 
the combination. It is unlikely that an impaired sensitivity of 
circulating platelets to the inhibitory effect of aspirin is 
involved in this difference since two hours after the adminis- 
tration of 25 mg of aspirin thromboxane synthesis was 
abolished in platelets from diabetics as it was in normals. In 
addition, when incubated in vitro with aspirin, platelets from 
normals and diabetics behaved similarly with respect to 
inhibition of prostaglandin and thromboxane synthesis. Our 
MDA data (Fig 2) show that the daily entrance of new 
platelets into the circulation of diabetic patients is about 
twice that of normal subjects. It is conceivable that the 
minimal amounts of cyclic endoperoxides/thromboxane 
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required to potentiate aggregation and secretion in response 
to collagen are related to the abnormally high rate of entry of 
new platelets into the circulation of these patients. Newly 
formed platelets are considered to be larger in size than older 
platelets” and the conversion of AA to prostaglandins and 
thromboxane is reported to be proportional to the size of 
platelets." More recently there has been a report indicating 
that in rabbits young platelets make more thromboxane than 
older platelets." We found increased synthesis of thrombox- 
ane by platelets from patients with an abnormally high rate 
of entry of new platelets into the circulation. It is also 
possible that the pharmacokinetics of aspirin may differ in 
diabetics and normals and so influence our observed find- 
ings. 

Our observations show that dosage schedules of aspirin 
based on studies in normal subjects are not applicable to 
patients with diabetic angiopathy and that doses of aspirin 
given at relatively long intervals allow for a temporal hiatus 
in which new platelets entering the circulation cause full 
aggregation and secretion of ATP in response to combina- 
tions of aggregating agents. Thus, continual suppression of 
platelet prostaglandin and thromboxane synthesis may 
greatly enhance the antithrombotic potential of aspirin. This 
has previously been suggested for dosage of aspirin to 
suppress platelet thromboxane formation without affecting 
endothelial cell prostacyclin synthesis.!6!? 

Since very frequent oral dosing is not practical, low-dose, 
slow-release preparations of aspirin which will not allow time 
gaps in the suppression of prostaglandin endoperoxides and 
thromboxane synthesis might be the ideal long term 
approach for the prevention of thrombosis in patients with a 
high rate of entry of new platelets into the circulation. 

In summary, our findings indicate that a small amount of 
thromboxane can go a long way toward promoting platelet 
aggregation and a possible thrombotic episode, and that 
during a course of treatment with high or low dose aspirin 
there are time periods between doses during which the 
platelets in PRP from diabetic angiopathic patients can 
make biologically significant amounts of PG endoperoxides/ 
thromboxane. We suggest that during such time gaps, a 
thrombotic event could occur. These findings provide the 
rationale for the continued suppression of cyclooxygenase 
activity in such patients. This might be accomplished by 
low-dose, slow-release aspirin. 
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Immunoreactive Erythropoietin Concentrations in Fetal and Neonatal Rats and 
the Effects of Hypoxia 


By Gisela K. Clemons, Sherry L. Fitzsimmons, and Darlene DeManincor 


Immunoreactive erythropoietin (Ep) was measured in nor- 
moxic and hypoxic (0.5 atm; 18 hours) fetal rats from day 
14 to day 21 of gestation and in neonatal rats from birth to 
weaning, and was compared to the adult rat. Amniotic fluid 
(AF) Ep was approximately 100 mU/mL on day 14 and 15, 
and decreased to 20 mU/mL on day 20, with no difference 
between the hypoxic and normoxic mothers. Only on day 
21 did the Ep in the AF increase slightly in the hypoxic 
group, while the Ep in the control group continued to fall to 
15 mU/mL on day 21, the last day of pregnancy. Before day 
17 of gestation the rat fetus appears to have hypoxia- 
independent, extrahepatic Ep available which is followed 
by hepatic and renal Ep production, both of which become 
sensitive to maternal hypoxia during the last days of 
pregnancy. In the neonatal rat plasma and tissue, Ep levels 


REVIOUS STUDIES have established that erythro- 
poiesis in the fetal and adult mammal is regulated by 
erythropoietin (Ep).'? It has also been shown that fetal Ep 
production responds and increases during periods of fetal 
hypoxemia. Zanjani et al* have provided evidence that the 
liver is the primary site of Ep production in the fetus, at least 
in the sheep during the last trimester, and the switch from 
hepatic to renal Ep synthesis occurs around the time of 
birth,? whereas in the rat previous studies showed that Ep is 
predominantly derived from the liver until after birth.$? 
While it has been shown that the neonatal rat is able to 
increase Ep levels in response to hypoxic hypoxia,” erythro- 
poiesis cannot be further stimulated in the newborn rat by 
exposure to hypoxia or exogenous Ep administration,'^!6 nor 
can erythropoiesis be suppressed in these young animals by 
starvation, bilateral nephrectomy, or hypertransfusion.$917-20 
Several investigations have suggested that erythropoiesis in 
the neonatal rat may be independent of renal Ep during the 
first three weeks of life. These studies were carried out in 
several different laboratories, using animals at different ages 
and atmospheric pressures for varying lengths of time and 
the samples were analyzed mostly in the in vivo polycythemic 
mouse assay. 
The high sensitivity of the radioimmunoassay and the 
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varied greatly during the first three weeks of life regard- 
less of whether the animals were hypoxic or not. With the 
exception of the first and ninth days of life, circulating Ep 
levels were higher than adult levels in normal newborn 
rats. Neonatal rats responded to hypoxia with increasing 
Ep levels, and the response increased with age such that 
during the third week of life the plasma Ep levels were 
significantly higher than in adult hypoxic rats. No sex 
difference in male and female response to hypoxia could be 
documented until sexual maturity (day 42). In the normoxic 
neonatal rat more Ep originated from the liver than the 
kidneys until day 10, while under hypoxic conditions the 
Switch occurred as early as two days after birth. 

e 1986 by Grune & Stratton, Inc. 


relatively small sample size required for analysis made these 
studies possible. We attempted to identify the tissue(s) 
responsible for Ep production in the normal rat fetus and to 
determine the effects of maternal hypoxia on Ep production 
during the last week of fetal life. In addition we tried to 
answer the following questions: what are the circulating, 
hepatic, and renal Ep levels in normal neonates measured 
daily through the first three weeks of life and when they 
attain sexual maturity (day 42)? How are these Ep levels 
altered by exposure to hypoxic hypoxia? Can immunoreac- 
tive Ep be measured in milk obtained from hypoxic lactating 
rats, and can it be transferred to the neonatal animals? We 
also attempted to determine the age at which the switch from 
the liver to the kidney occurred both in the normal and 
hypoxic neonatal rat. 


MATERIALS AND METHODS 
Animals 


Pregnant Sprague-Dawley rats with timed pregnancies, obtained 
from Simonson Laboratory, Gilroy, Calif, were housed with free 
access to food and water for at least five days before the start of the 
experiments (day 8 to day 9 after mating). For the neonatal study 
the cages were checked two days before the presumed delivery date 
every two hours from 7 am to 8 pm, and the time and litter size was 
recorded. Approximately 7556 of the deliveries occurred between 7 
am and 2 pm. The litter size ranged from four to 15 pups and was 
adjusted to eight to ten per mother in order to assure equal 
nutritional status for the neonates during the experiment. When 
pups reached the age of 10 days, mothers were selected for hypoxia 
each day such that the same number of male and female pups could 
be exposed. All animals in the hypoxic groups were exposed to a high 
altitude equivalent to 18,000 feet (0.5 atm) for 18 hours (3 pm to 9 
am). Every day hypoxic mothers, fetal rats, and neonatal rats were 
killed within one hour after hypoxia (9 to 10 am) and immediately 
followed by control animals for each group (10 to 11 am) 


Experimental Design 


Fetal study From day 13 of gestation, each day four pregnant 
rats were exposed to hypoxia. The mothers were bled by cardiac 
puncture under ether anesthesia and amniotic fluid was aspirated 
before the fetus was removed from the uterus. Placental tissue was 
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not collected because we had established earlier that placental Ep 
content did not exceed 20 mU/g at any time after 14 days of 
gestation. The litter size varied from eight to 13 animals. All fetuses 
were blotted dry and weighed before tissues and blood were 
obtained Fetal blood, liver tissue, and kidney tissue were collected as 
early as possible and pooled for each litter. Fetal liver tissue was 
collected from day 15 on, blood from day 17 and kidney tissue from 
day 19 of gestation. On day 14 tissue could not be obtained for 
analysis; therefore Ep was measured in the whole fetus and on days 
15 to 18 in fetuses without liver and kidney anlage from which most 
of the blood had been removed. Plasma from each litter was pooled 
after centrifugation with the exception of day 17 from the hypoxic 
group. Plasma pools from all fetuses of four mothers had to be pooled 
1n order to make repeated radioimmunoassay (RIA) analysis possi- 
ble. 

Neonatal study. Mothers and their pups were exposed to hypox- 
ja; each day an age-matched group served as controls. From one to 
10 days of age blood was collected in heparinized hematocrit tubes 
after decapitation. Older animals were bled by heart puncturc. From 
day 1 to day 21 six pools were generated for the control and hypoxic 
group, except that ın the latter group six pools were obtained for 
males and females separately from day 10 to day 21. Samples had to 
be pooled to make RIA analysis possible. During the first four days 
four animals were pooled, three from days 5 to 7, and thereafter until 
day 21 two animals were sufficient. On day 42 analysis was possible 
on individual animals and eight animals were used 1n each group 8 
control, 8 hypoxic male, and 8 hypoxic female rats. The kidney and 
whole liver tissues were excised and pooled identically to the pups 
whose plasmas had been pooled Salivary glands were collected and 
combined for all animals in each group: controls, hypoxic (days | 
through 9), and hypoxic males and females (days 10 through 21 and 
day 42) 

During the collection time the tissues were stored on 1ce in small 
covered dishes in order to reduce possible degradation and evapora- 
tion and homogenized as fast as possible, although this step was 
slower than obtaining the tissues. All tissues were weighed and 
homogenized ın 0.05 mol/L phosphate buffer (pH 7.5) with 5% fetal 
bovine serum (wt/vol), and centrifuged at 10,000 g for 15 minutes in 
an Eppendorf Micro Centrifuge (Sybron-Brinkman Instruments, 
Palo Alto, Calif). Plasma, amniotic fluid, and tissue homogenates 
were stored frozen at —20 °C until RIA analysis. 

Since the neonatal animals were exposed to hypoxia with their 
mothers, it had to be ascertained whether the levels measured in the 
pups could have been derived from the mother via the milk. In order 
to do this, two groups of experiments were carried out In the first 
experiment three lactating rats were removed from their litters and 
exposed to hypoxia overnight for 18 hours. After returning to 
ambient pressure, they and three control rats were anaesthetized 
with pentobarbital (60 mg/kg IP) and lactation was induced by 
injection of pitocin (4 to 5 U/animal), obtained from Sigma 
Chemical, St Louis. Within five to ten minutes milk could be 
obtained slowly by mild suction through a glass pipette connected to 
a vacuum source. 

In a second experiment groups of pups at the age of seven days 
were separated from their mothers. Three adults were exposed to 
hypoxia overnight while three others were kept in the colony at 
ambient pressure. At 8 am the pups were returned for nursing for 
three hours to both groups of mothers. The animals were killed three 
hours later and plasma, kidneys, and liver tissues were collected and 
analyzed for Ep content. 


Radioimmunoassay of Rat Erythropoietin 


Immunoreactive erythropoietin concentrations were measured by 
RIA ” Even though the tracer is highly purified Ep of human origin 


893 


and the antiserum was generated against human urinary Ep extract, 
a bioassayed standard preparation of high-altitude rat serum yields a 
dose-response curve in the RIA similar, although not identical, to 
that obtained with the Second International Reference preparation 
of human Ep. The technical details of the RIA and the validation of 
the rat Ep RIA have been published.” The sensitivity limit of this 
assay is approximately 4 mU/mL, interassay variation is <12% and 
intrasssay variation «995. All samples were initially analyzed ın 
single 100-uL aliquots and repeated in two separate RIAs in 
duplicates, sample size permitting, at appropriate dilutions that 
could be compared to the standard curves. The results presented in 
Table 1 represent the means of each of the four pools generated each 
day per group and three to five determinations per pool. The 
neonatal data in Table 2 are the means of four determinations from 
the latter two assays. Because the tissues were homogenized 1n an 
equal volume of buffer to tissue weight, this volume in the RIA 
represented a 1-2 dilution and was accounted for in the computer 
program as such. In addition, some plasma and kidney tissue 
homogenates were serially diluted as a check for parallelism. Results 
were analyzed with the sigmoid computer program developed by 
Rodbard and Hutt? on the LBL CDC 7600 Computer. 


RESULTS 


Erythropoietin Concentrations in Fetal Plasma, Tissues, 
and Amniotic Fluid 


There appears to be no immunological difference between 
fetal and adult Ep because all sample dilutions parallel the 
rat Ep standard. The Ep concentrations measured in the 
whole fetus on day 14 were relatively high and appear to be in 
equilibrium with the amniotic fluid (AF) (Table 1). Thereaf- 
ter a steady decline in Ep levels was measured in both fetuses 
and AF with advancing pregnancy. This is particularly 
interesting in light of the fact that the volume of the AF 
diminishes during the last week of gestation and becomes 
increasingly more viscous. Amniotic fluid of control animals 
reached the lowest value on day 21, a time at which there was 
the first significant increase of Ep measured in the hypoxic 
group due to their increased urinary contribution (p « 0.05). 
There was no difference between the Ep concentrations in 
the AF as a result of maternal hypoxia with the exception of 
day 21. Similarly, no significant difference could be mea- 
sured in whole pups on day 14 of gestation or later when most 
of the plasma, all of the liver, and later all of the kidney had 
been removed. 

On day 15 maternal exposure to hypoxia did not affect Ep 
production in fetal liver tissue and the increase measured on 
day 16 is still statistically insignificant. Fetal hepatic Ep 
production in response to maternal hypoxia, however, could 
first be demonstrated in tissue content on day 17 (p « 0.01). 
Throughout the remainder of gestation liver Ep concentra- 
tions were significantly higher in the hypoxic fetuses than in 
those from control mothers. Ep content in control liver tissue 
remained fairly stable between days 15 and 19. Beginning 
with day 19 there was a significant decline in hepatic tissue 
Ep concentration, both in the control and hypoxic groups, 
and this decline was reflected in the lowest plasma values on 
day 20. 

The earliest obtainable renal tissue on day 19 was also not 
affected by maternal hypoxia but increased its competence of 
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Table 2. Erythropoietin Concentrations in Neonatal Normoxic and Hypoxic Rats 

















Aus Plasma (mU/mL) Kidney (mU/g) Liver (mU/g) 
(days) n Control Hypoxia Control Hypoxia Control Hypoxia 
1 6(4) 188 £05 89.5 + 8.9 13.5 « 1.9 103 +54 11.1 + 2.0 38.9 + 7.2 
2 6(4) 447+53 336 + 33 109 + 2.4 314 +21 54.5 + 8.1 37.4 294 
3 6(4) 48.1261 566 x 66 9.4 + 1.3 512 + 65 28.5 + 6.4 1220 + 15 
4 6(4) 571+ 7.7 647 + 73 244+41 570 + 82 21.1 + 5.3 167.0 + 13 
5 6(3) 83.9 + 8.2 676 + 82 31.1 + 4.1 832 + 67 16.2 + 3.3 142.0 +98 
6 e(3) 55.2 + 4.2 949 + 29 17 6 + 3.0 964 + 33 13.8 + 4.2 243.0 + 29 
7 6(3) 55.6+61 1061 + 56 157 2.4 1009 + 79 112216 221.0 + 10 
8 6(2) 44 9 + 3.2 1164 + 143 12.7 + 1.7 1142 + 137 10.3 + 0.4 2150 x 24 
9 6(2) 26.2 + 3.0 763 x 60 9.7 x 0.8 746 + 100 6.7 + 0.9 200.0 + 44 
10 6(2) 188.0 + 24 464 + 39M 155.0 + 35 281 + 33M 24.5 + 3.1 745 90M 
564 + 37F 458 + 40F 92.9 + 14.6 F 
11 6(2) 60.8 + 80 1363 + 167M 32.4 + 6.4 971+ 76 M 23.4 + 7.8 158.0 + 13M 
1275 + 156F 1362 + 119F 2150+ 25F 
12 6(2) 456+ 4.3 1273 + 216 M 18.4+36 1263 + 204M 6.7 + 0.9 287 +51M 
1034 + 214 F 906 + 225 F 148 + 34 F 
13 6(2) 106.0 + 6.2 860 + 134 M 65 2 x 10 393 + 43M 107+ 1.2 80.2 + 11.8M 
942 + 91F 552 + 77F 92.3 + 11.5 F 
14 6(2) 58.5 + 4.5 1681+ 139 M 27.6 € 38 1249 + 133 M 8.9 x 0.7 244.0 x 40M 
1389 + 38F 831+ 80F 190 0 + 44F 
15 6(2) 130.0 + 9.7 1435 + 113M 516 x 5.5 1020 x 88M 130+ 1.6 1450+ 14 M 
1501 + 164 F 1253 + 159 F 186.0 + 29F 
16 6(2) 109.0 + 13 2174 + 257M 62.3+76 2148 + 185M 11.1 + 1.7 2490+ 14M 
2213 + 206 F 2867 + 265F 2790+ A1F 
17 6(2) 1120+ 17 2087 + 180M 49.0 + 9.0 2094 + 63M 125 + 1.4 2310 + 43M 
1643 + 168 F 2051 + 237 F 206 0 x 14F 
18 6(2) 58.7 + 4.8 2244 x 174M 272 458 1967 + 152M 99+1.4 205.0 + 22M 
1938 x 63F 1757 + 130F 162.0 + 29F 
19 6(2) 1900+ 19 1817 + 85M 121.0 + 14 1906 + 69M 14 4 * 4.7 1490+ 19M 
1701 + 135F 2002 + 207 F 1740 + 33F 
20 6(2) 1260+ 12 1882 x 191 M 87 7 € 13 1043 + 67M 12.8+38 1730+ 18M 
2151 + 136 F 2266 + 165F 153.0 + 9.2F 
21 6(2) 1270+ 8.8 2008 + 148M 105 + 10 1457 + 92M 132+ 1.7 1610+ 20M 
1986 + 67 F 2051 + 231F 213.0 + 28F 
42 8(1) 22.8 + 1.3 902 + 79M 108-17 434 x 63M 5520. 546 61M 
318 + 28F 186 + 26F 185+18F 





M, male, F, female. 


Ep elaboration significantly on day 20 and 21 with a three 
fold elevation over that measured in control kidneys. 


Erythropoietin Concentrations in Normoxic Neonatal Rats 


The results of this study are shown both graphically and in 
tabulated form. Plasma Ep levels 1n normoxic neonatal rats 
vary profoundly during the first three weeks of life (Table 2 
and Fig 1) With the exception of days 1 and 9 the circulating 
levels in the neonates were significantly higher than those 
measured in 42-day-old and adult rats. Peak values of 190 
mU/mL were measured on days 10 and 20. Liver tissue Ep 
concentrations rose fivefold on the second day of life and are 
most likely responsible for the increase observed in plasma 
Ep levels. Thereafter the high plasma peaks also coincided 
with elevated renal Ep concentrations, the most pronounced 
occurring on day ten. After the second day of life liver Ep 
levels decline to less than 20 mU/g of tissue with the 
exception of days 10 and 11, when a small increase could be 
observed. 


Erythropoietin Concentrations in Hypoxic Neonatal Rats 


Hypoxic exposure showed that neonatal rats increase Ep 
production as early as the first day of life, and circulating Ep 
levels closely resembled renal Ep concentrations (Fig 2). 
While on the whole Ep production increased with age it is of 
interest that on days 10 and 13 we observed sharp declines in 
renal and plasma Ep in hypoxic animals, at a time when 
unstimulated contro| animals showed unexpected peaks. 
Nevertheless, the Ep levels in the hypoxic groups were still 
significantly higher than those measured in the controls. 
Liver Ep concentrations fluctuated relatively little. No sex 
difference in the response of males and females to hypoxia 
could be documented from day 10 through weaning, but at 
day 42 the levels in male rats were significantly higher than 
in female rats and were similar to those measured in adult 
rats of both sexes. The sharp decline on days 10 and 11 also 
cannot be attributed to a female response because, as can be 
seen in Table 2, even though they were all reduced, plasma, 
kidney, and liver content of the female group was actually 
higher than that of the male rats. Analysis of salivary gland 
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Fig 1. (A) The daily variation in plasma erythropoietin in the 
normoxic neonatal rat. (B) The liver and kidney erythropoietin 
concentrations during the same period. Values are means + SEM. 


tissue homogenates for the presence of immunoreactive Ep 
were negative throughout the study from one to 42 days of 
age. 


Total Renal and Hepatic Erythropoietin Content and Time 
of Switching 


Taking into account tissue weights and their Ep concen- 
trations, it is possible to calculate how much of the hormone 
is present in renal and hepatic tissues. Figure 3 shows that in 
the normoxic neonatal rat the Ep content in the liver is higher 
than in the kidney until day 10. The profound increase on day 
10 seems to be connected with the liver-to-kidney switch of 
Ep production in the rat, because thereafter renal Ep content 
is always higher than liver content. During hypoxic condi- 
tions, however, the switch occurred as early as two days after 
birth, and in spite of increased liver weight from day 2 on, 
kidney content was higher. 
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Fig2. Erythropoietin concentrations in plasma (A) and kidney 
and liver (B) in the neonatal rat exposed to hypoxia (0.5 atm x 18 
hours) as a function of age. Values are means + SEM. 


Lack of Measurable Erythropoietin in Rat Milk and 
Transfer to Neonates 

No erythropoietin could be measured in milk from normal 
or hypoxic lactating rats (4 mU/mL). Similarly, no increases 
were measured in the plasma of pups that had been removed 
from their mothers overnight and returned in the morning 
after hypoxic exposure. Plasma values in neonates nursed by 
hypoxic mothers measured 60.7 + 3.2 mU/mL (SEM, n = 7 
pools of three pups each), and in those nursed by normoxic 
mothers were 58.6 + 4.5 mU/mL (n = 6 pools of three pups 
each). Similarly, no differences were measured in liver and 
kidney tissue homogenates of these young rats. Because of 
the intraassay variation of approximately 9% there may still 
be some transfer from the mother to the pup via the milk, but 
the RIA is unable to detect this. 


DISCUSSION 


The data presented here show that erythropoietin can be 
measured in the rat during the last week of fetal life and that 
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content (mU/g x tissue weight) in the neonatal rat as a function 
of age under hypoxic (A) and normoxic (B) conditions. M, male; F, 
female. 


the fetal response to maternal hypoxia is a function of age or, 
more specifically, a function of the developmental maturity 
of the Ep-producing tissues involved. The observation of 
relatively high levels of Ep in the AF and in the pups on day 
14, and the fact that Ep levels in pups were still high on day 
15 of gestation even though the liver with lower Ep levels had 
been removed, seems to suggest that in the fetal rat, and 
possibly also in other species, fetal hepatic Ep production is 
preceded by extrahepatic Ep synthesis that does not respond 
to maternal hypoxia. Early renal origin of Ep can be ruled 
out because from the first day the liver was removed (day 
15), the early kidney tissue (either kidney anlage or proneph- 
ron) was also removed even though it could not be analyzed. 
It has been shown by Wells? that the fetal rat kidney is only 
able to secrete urine during the last 2 days of gestation and 
the elevated levels in AF on day 21 are most likely the result 
of increased renal Ep synthesis in response to maternal 
hypoxia. The importance of these relatively high levels of Ep 
at this stage of development is not understood. Cole and 
Paul? have reported that yolk sac erythropoiesis cannot be 
enhanced by exogenous Ep. The elevated levels in fetal rats 
could either be necessary for initiation of hepatic erythro- 
poiesis until hepatic Ep synthesis can occur, or, more likely, 
Ep might have additional functions. It is possible that Ep acts 
as a growth factor alone or in conjunction with other growth 
factors ın order to facilitate growth. 

It is of interest that Ep levels and concentrations decline 
with advancing gestation except in renal tissue. This phe- 
nomenon occurred in the AF and pups and, apparently 
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independently, in the fetal liver tissues and plasma during the 
last three days of gestation (irrespective of whether the 
mothers were exposed to hypoxia or not). There appear to be 
two possible explanations for this observation. The first 
possibility is that less Ep is needed because of increased 
sensitivity of the target tissue(s). This has been shown for 
somatomedins in fetal sheep where low levels were measured 
at a time of greatest need.” The other possibility might be 
that target tissue sensitivity has not changed, but rather that 
the erythropoietic system is already “turned on” and operat- 
ing at the highest rate. Both situations would explain the fact 
that at birth the newborn rat has a reticulocyte count 
between 90% and 9595,77" and therefore the decline in Ep at 
this time is unlikely to be the result of suppressed erythro- 
poiesis. 

In the newborn rat immunoreactive rat plasma and tissue 
Ep levels vary greatly during the first three weeks of life 
regardless of whether the animals were kept at ambient 
pressure or exposed to 18 hours of hypoxia. With the 
exception of the first and ninth days of life the circulating Ep 
levels were higher than adult levels in the normal newborn 
rat. The initial rise was probably attributable to hepatic Ep 
synthesis. From ten days of age renal Ep content was 
reflected in plasma levels. The liver continued to be a 
contributor up to days 10 and 11. The elevation in hepatic Ep 
content during this time cannot be due simply to residual 
blood content because a similar increase could not be mea- 
sured on day 19 when plasma levels were equal to those 
Observed on day 10. 

Exposure of neonates to hypoxia confirms results reported 
earlier that neonatal rats respond to hypoxia with increasing 
Ep levels and that the response improves steadily with 
age.?!? In fact, during the third week of life, the levels 
measured in this study significantly exceeded those found in 
adult male rats exposed to the same hypoxic stimulus. Of the 
above cited studies only Gruber et al? found the levels in 
intact neonatal hypoxic rats to be higher than in adults when 
intact rats were tested at the age of 2 and 3 weeks. It appears 
that at this age an exposure of six hours at 0.35 atm may be 
comparable to 18 hours at 0.5 atm used in this study. Other 
authors found the response in the neonatal rat to be below 
that measured in adult animals, but this may be due to either 
a shorter time of exposure and/or less hypoxic stress." 
From days 10 to 21 of age female and male rats responded 
equally to hypoxic exposure, in terms of renal Ep production 
and resulting circulating Ep levels. At the onset of maturity 
(day 42) the response was equal to that found in adult rats. 

This present study neither could confirm the presence of 
Ep in milk obtained from normoxic and hypoxic mothers nor 
establish whether the Ep levels were elevated in the newborns 
nursed by hypoxic mothers. Lactating rats exposed to the 
same hypoxia usually have plasma levels of approximately 
300 to 400 mU/mL, and we were not able to show any 
transfer from the mother to the young. The age of seven days 
was chosen for this particular experiment, because at this 
time endogenous renal and hepatic Ep levels were low, and 
the plasma levels were declining and still separated from the 
ten-day peak by three days (Figure 1 and Table 2). It also 
appears urilikely that Ep was inactivated by acid hydrolysis 
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in the stomach because the pH in the neonatal rat stomach is 
reported not to fall below six before day 10,5 and we have 
found that Ep becomes immunologically unreactive below 
pH 4.5. Our results appear to be in contrast to Carmichael et 
al? who observed increased erythropoiesis in neonates suck- 
led by anemic mothers, and after oral Ep administration at 
ten days of age. We did not analyze peripheral blood and 
bone marrow values and increased erythropoiesis is not 
necessarily excluded here, even though Lucarelli et al!” also 
could document no change in erythropoiesis in young rats 
nursed by normal or hypertransfused mothers. 

Whether the neonatal rat derives most of its erythropoietin 
from the liver or the kidney has been the subject of investiga- 
tion for years.591243? These studies showed that Ep produc- 
tion in nephrectomized newborn rats after hypoxia is only 
slightly reduced or not affected at all. Our data in intact rats 
suggest that the liver-to-kidney switch of Ep production in 
the normoxic neonatal rat occurred at day 10 and in the 
hypoxic newborn on day 2 of life. The conclusions reached by 
Gruber et a? and Lucarelli et al" that Ep production in 
significant measure is independent of renally produced Ep 
during the neonatal period in the rat, appears not to be 
correct when applied to the intact rat, and only true in the 
nephrectomized neonatal rat. The effects observed with 
nephrectomized rats were rather due to the fact that during 
the first 3 weeks of life, the liver retains the ability to 
synthesize Ep and fully compensates in the absence of the 
kidneys. This ability is mostly lost in the adult, although the 
liver has been found to be the principal site of extrarenal Ep 
production” and is able to maintain baseline quantities of Ep 
in the absence of the kidneys. Recent evidence has shown 
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that in fully compensated hemolytic state induced in the rat 
by long-term phenylhydrazine administration the liver can 
become the primary source of Ep,” indicating that it is even 
possible to reverse the switch in the adult with time. 

While it is important to be able to measure circulating 
plasma and tissue concentrations and determine the time of 
liver-to-kidney switch in the developing rat, no explanations 
can be offered at the present time to the following question. 
Why would an animal whose erythropoiesis can neither be 
stimulated further by exogenous Ep administration or 
hypoxia nor be totally suppressed by hypertransfusion? 
maintain higher-than-adult levels during the first three 
weeks of life, and during hypoxic conditions, elaborate even 
more than is necessary for the adult to reach erythropoietic 
homeostasis? This is especially puzzling because Miller et 
al? found that very small increases in the levels of Ep 
(approximately 5 mU/mL) are capable of significant 
increases in red blood cell production in the adult rat. The 
possibility has to be considered that the function(s) of Ep in 
neonatal rats may be multifold and not just be limited to 
erythropoiesis. Rather, Ep may work in conjunction with 
other growth factors until adult homeostasis is achieved, a 
fact that would also support the suggestion by Lucarelli et 
al^" that erythropoiesis in the neonatal rat is governed 
differently from that in the adult. 


ACKNOWLEDGMENT 


It is with great pleasure that we thank Drs George Brecher and 
Shirley Ebbe for critically reviewing the manuscript, and for their 
valuable suggestions and interest in the work. 


REFERENCES 


1. Zanjani ED, Mann LI, Burlington H, Gordon AS, Wasserman 
LR: Evidence for a physiologic role of erythroporetin in fetal 
erythropoiesis Blood 44.285, 1974 

2 Widness JA, Susa JB, Garcia JF, Singer DB, Sehgal P, Oh W, 
Schwartz R, Schwartz H. Increased erythropoiesis and elevated 
erythroporetin in infants born to diabetic mothers and in hyperinsu- 
lınemıc Rhesus fetuses J Clin Invest 67:637, 1981 

3. Phillips AF, Widness JA, Garcia JF, Raye JR, Schwartz R: 
Erythropoietin elevation in the chronically hyperglycemic fetal 
lamb. Proc Soc Exp Biol Med 170.42, 1982 

4. Zanjani ED, Poster J, Burlington H, Mann LI, Wasserman 
LR. Liver as the primary site of erythropoietin formation in the 
fetus. J Lab Clin Med 89 640, 1977 

5. Zanjani ED, Ascensao JL, McGlave P, Banissadre M: Studies 
on the liver to kidney switch of erythropoietin production J Clin 
Invest 67.1183, 1981 

6. Carmena A, Howard D, Stohlman F: Regulation of erythro- 
poresis XXII Erythropoietin production in the newborn animal. 
Blood 32:376, 1968 

7. Clemons GK, Garcia JF Immunoreactive erythropoietin con- 
centrations in fetal and neonatal rats and the effects of maternal and 
neonatal exposure to hypoxia Exp Hematol 11:407, 1983 (Suppl 14) 
(abstr) 

8. Haga P, Kristiansen S: Role of the kidney in fetal erythropoie- 
sis and erythropoietin levels in newborn mice with renal agenesis J 
Embryol Exp Morphol 61.165, 1981 

9. Gruber DF, Zucali JR, Wleklinski J, LaRussa V, Mirand EA: 


Temporal transition in the site of rat erythropotetin production. Exp 
Hematol 5 399, 1977 

10. Caro J, Erslev AJ, Silver R, Miller O, Birgegard G- Erythro- 
poietin production in response to anemia or hypoxia in the newborn 
rat. Blood 60:984, 1982 

11. Meberg A: Plasma erythropotetin levels in fetal and newborn 
rats. Response to hypoxia. Exp Hematol 8:615, 1980 

12. Schooley JC, Mahlmann LJ: Erythropoietin production in the 
anephric rat. I Relationship between nephrectomy, time of hypoxic 
exposure, and erythropoietin production Blood 39:31, 1972 

13. Garcia JF: Erythropoietic response to hypoxia as a function of 
age in the normal male rat. Am J Physiol 190:25, 1957 

14, Lucarelli G, Porcellini A, Carnevali C, Carmena A, Stohl- 
man F Jr Fetal and neonatal erythropoiesis. Ann NY Acad Sci 
149:544, 1968 

15. Carmena AO, Lucarelli G, Carnevali C, Stohlman F: Regu- 
lation of erythropoiesis XIX. Effect of hypoxia on erythroporesis in 
the newborn animal. Proc Soc Exp Biol Med 121.652, 1966 

16 Zaizov R, Matoth Y- Regulation of erythropoiesis in the 
newborn rat. Isr J Med Sci 7:846, 1971 

17. Lucarelli G, Howard D, Stohlman F Jr Regulation of 
erythropoiesis. XV. Neonatal erythropoiesis and the effect of ne- 
phrectomy J Clin Invest 43:2195, 1964 

18. Fried W, Barone-Varelas J, Barone T: The influence of age 
and sex on erythroporetin titers in the plasma and tissue homoge- 
nates of hypoxic rats Exp Hematol 5:472, 1982 

19. Alippi RA, Giglio MJ, Rio ME, Bozzini CE: Influence of 


ERYTHROPOIETIN IN RATS 


growth rate on the ability of hypertransfusion induced plethora to 
suppress erythropoiesis in the growing rat. Exp Hematol 9.209, 
1981 

20. Sanengen T, Halvorsen S: Regulation of erythropoiesis dur- 
ing rapid growth. Br J Haematol 61:273, 1985 

21. Garcia JF, Ebbe SN, Hollander L, Cutting HO, Miller ME, 
Cronkite EP: Radioimmunoassay of erythropoietin: Circulating 
levels in normal and polycythemic human beings. J Lab Clin Med 
99-624, 1982 

22 Clemons GK: Comparison of radioimmunoassay and bioassay 
of erythropoietin, in Zanjani ED, Tavassoli M, Ascensao JL (eds) 
Humoral and Cellular Regulation of Erythropoiesis. Spectrum, New 
York, 1986 (in press) 

23. Rodbard D, Hutt DM. Statistical analysis of radiormmunoas- 
say and immunoradiometric (labeled antibody) assays. A general- 
ized weighted, iterative, least-squares method for logistic curve 
fitting, in Radioimmunoassays and Related Procedures in Medicine. 
Vienna, IAEA, p 165 

24. Wells LJ. Observations on secretion of urine by kidneys of 
fetal rats. Anat Rec 94.504, 1946 (abstr) 

25. Cole JR, Paul J The effects of erythropoietin on haem 
synthesis in mouse yolk sac and cultured fetal liver cells. J Embryol 
Exp Morph 15:245, 1966 


899 


26 Tato L, Marc VL, Prevot C, Rappaport R: Early variations of 
plasma somatomedin activity in the newborn J Clin Endocrinol 
Metab 40:534, 1975 

27. Matoth Y, Zaizov R: Regulation of erythropoiesis in the fetal 
rat. Isr J Med Sci 7:839, 1971 

28. Johnson LR: Functional development of the stomach. Annu 
Rev Physiol 47:199, 1985 

29. Carmichael RD, Gordon AS, LoBue J: The effects of mater- 
nal phlebotomy and orally-administered erythropoietin (Ep) on 
erythropoiesis in the suckling rat. Biol Neonate 33.119, 1978 

30. Schooley JC, Mahlmann LJ. Extrarenal erythropoietin pro- 
duction by the liver in the weanling rat Proc Soc Exp Biol Med 
145.1081, 1974 

31 Fried W: The liver as a source of extrarenal erythropoietin 
production. Blood 40.671 

32. Dornfest BS, Naughton BA, Johnson R, Gordon AS: Hepatic 
production of erythropoietin in a phenylhydrazine-induced compen- 
sated hemolytic state in the rat. J Lab Clin Med 102:274, 1983 

33. Miller ME, Garcia JF, Shiue GG, Okula RM, Clemons GK: 
Humoral regulation of erythropoiesis, in Killman SY-AA, Cronkite 
EP, Muller-Berat CN (eds). Haematopoietic Stem Cells. Copenha- 
gen, Munksgaard, 1982, p 217 


The Contribution of Cytochemistry and Immunophenotyping to the 
Reproducibility of the FAB Classification in Acute Leukemia 


By George P. Browman, Peter B. Neame, and Praniti Soamboonsrup 


Intraobserver and interobserver reproducibility of the FAB 
classification was assessed for two independent observers 
whose decisions are acted on for treatment of patients 
with acute leukemia in the Hamilton region. Intraobserver 
reproducibility vas assessed for Wright-stained prepara- 
tions that were examined independently on two consecu- 
tive occasions at least 2 weeks apart. A third reading was 
performed with Wright stain and cytochemical data, and 
the fourth reading was done with addition of immunophe- 
notype data. Concordance was calculated using a statistic 
that corrects for chance-expected agreement (k), and a 
weighted statistic that takes into account the seriousness 
of disagreements was used. Samples were available for 
morphological and cytochemical assessment on 105 
patients, and immunophenotype data were available on 93 
specimens. Intraobserver concordance was 64.8% and 
70.596 for observers A and B, respectively, with kappa 
values of .56 and .62. There were 37 discordant readings 


HE FRENCH-AMERICAN-BRITISH (FAB) mor- 
phological classification for acute leukemia represents 
an important contribution toward a better understanding of 
this disease. Recent studies that demonstrate an association 
between morphological subtypes and specific chromosomal 
abnormalities provide evidence for the biological relevance of 
the classification.'? The clinical relevance of the classifica- 
tion is well recognized. Treatment approaches markedly 
differ for patients with acute lymphocytic leukemia and 
those with acute nonlymphocytic leukemia. Certain subtypes 
of acute leukemia are associated with unique clinical prob- 
lems for which specific therapeutic strategies are used (eg, 
anticoagulation to prevent disseminated intravascular coagu- 
lation in patients with promyelocytic leukemia). There is 
suggestive but as yet insufficient evidence of a relationship 
between FAB subtypes and prognosis.“ 

The morphological criteria for the FAB classification were 
developed from a consensus-seeking approach of a number of 
investigators and investigator panels. An essential feature 
of any classification is that there be an acceptable level of 
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for observer A and 31 for observer B, with each observer 
discordant between lymphocytic:nonlymphocytic pheno- 
types in ten cases. Concordance between observers was 
63% (k = .54) and 72% (k = .65) for each of two separate 
readings for Wright-stained preparations only. Reproduci- 
bility improved to 89% (k = .86) when cytochemistry was 
added. When immunophenotype information was provided 
in addition to Wright-stained and cytochemical prepara- 
tions, the agreement was 99%. Lymphocytic:nonlympho- 
cytic discordance between observers occurred on nine 
occasions when Wright-stained preparations only were 
available and four times when cytochemistry was added; it 
did not occur with immunophenotyping. The study sug- 
gests that immunophenotyping, when added to morpholog- 
ical assessment of acute leukemia, may contribute sub- 
stantially to agreement between observers. 

e 1986 by Grune & Stratton, Inc. 


reproducibility on repeated measurements within individuals 
and between individuals. A number of studies have examined 
how individuals agree with one another and with panels of 
experts on independent readings of slides from patients with 
acute leukemia. The studies reported to date have shown a 
substantial degree of agreement among observers: however, a 
number of important issues remain to be addressed. 
Although most studies of concordance have examined agree- 
ment between observers, or between panels of observers, few 
studies have explored concordance within observers. None of 
the studies has examined the pattern of within-observer 
discordance. The extent to which observers agree with them- 
selves on separate examinations must be considered an 
important part of the formal evaluation of concordance. 

None of the studies of concordance of the FAB classifica- 
tion has taken into account the agreement that would be 
expected to occur by chance. This is important, since the 
extent of agreement expected by chance will vary with the 
distribution of cases, the number of categories used for 
classification, and the number of observers. It is, therefore, 
difficult to compaie extent of agreement across studies, since 
these variables differ. For most of the concordance studies 
that have been reported, the results have focused on the 
extent of agreement between individuals with panels of 
experts, or between panels of experts. In real practice, 
however, treatment decisions must often be made on the 
basis of a single individual’s diagnosis without access to a 
panel of acknowledged experts. 

In order to address these issues, we have performed a study 
to examine intraobserver and interobserver concordance for 
two observers whose decisions are acted on to plan induction 
therapies in acute leukemia. As part of this evaluation, we 
have examined how cytochemistry contributes to the degree 
of agreement between these observers. Furthermore, we have 
developed criteria for the classification of acute leukemia 
based on immunophenotyping? and have assessed the contri- 
bution of this system to overall concordance between observ- 
ers. Concordance is expressed using a statistic that accounts 
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for chance-expected agreement, and a weighted statistic is 
used that gives credit for partial agreement. 


MATERIALS AND METHODS 


Material for examination was assembled from samples submitted 
consecutively to the Regional Center between December 1983 and 
July 1985. To assess the reproducibility of the FAB classification 
and the contribution of cytochemistry, two experienced observers 
examined Wright-stained slides on two occasions at least two weeks 
apart. Two weeks later each observer independently reviewed the 
coded slides along with cytochemically stained specimens. A fourth 
reading was also done in which immunophenotyping information 
was provided in addition to the morphological and cytochemical data 
to determine how the observers used this information when coming 
to a final diagnosis. 

FAB classification. The criteria used to established the FAB 
status of each sample are those reported by Bennett et al with minor 
modifications ** The cytochemical criteria used to aid in FAB 
classification are those suggested by the FAB Co-operative Group.*” 
Cytochemical stains used were periodic-acid Schiff, Sudan black, 
myeloperoxidase, chloroacetate esterase and nonspecific esterase, 
and acid phosphatase.” 

Immunophenotyping The methods used have been described 
previously"? and are further presented in a recent paper.* 

Statistical considerations A mine-category classification scale 
was used by the observers: M-1, M-2, M-3, M-4, M-5, M-6, L-1, 
L-2, L-3. 

Concordance was determined in three separate ways: 

1. Percentage agreement was calculated as the proportion of the 
number of complete agreements among the total number of judg- 
ments. 

2. The kappa statistic was used to express the extent of agreement 
over and above that expected by chance !! The formula for kappa (k) 
is: 


Po — Pc 

1- Pc i 
where py = the observed proportion of agreements and p, = 
chance-expected proportion of agreements.!! Kappa has a value of 0 
if the observed agreement equals chance-expected agreement; 4-1 1f 
observed agreement is perfect; and <0 if observed agreement is less 
than chance-expected agreement. 

3 The weighted kappa statistic (K,) was used to give credit for 
partial agreement, since not all disagreements are equally impor- 
tant ? The assigned weights are based on the magnitude (or serious- 
ness) of observed disagreements and are determined arbitrarily. The 
formula for k, is: 


k, --—%, 
Ge 

where qo = observed proportion of weighted disagreements and q. = 
chance-expected proportion of weighted disagreements. As with 
kappa, ką takes on values ranging from —1 to +1, with 0 
representing chance-expected weighted agreement. For the purpose 
of this study, the following arbitrary weights were assigned 0, 
perfect agreement (no disagreement); 1, disagreement among M-1, 
M-2, M-4, M-5 or among L1-2, L-3; 2, disagreement between M-3 
and M-1, M-2, M-4, M-5, or M-6 and disagreement between M-6 
and M-1, M-2, M-3, M-4, or M-5; 3, disagreement between any M 
andanyL 


RESULTS 


Intraobserver concordance. From December 1983 to 
July 1985, specimens from 105 consecutive patients were 
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Fig 1. Agreement matrix within observers of a six-category 
scale for two separate readings, using Wright-stained prepara- 
tions alone. (A) Observer A; (B) observer B. The weightings used 
for partial agreement are indicated in the upper right corner of 
each cell in (A). 


submitted for evaluation. Morphological evaluation with 
cytochemistry was performed on all specimens. Immunophe- 
notyping data were available for 93 samples. 

Figure 1 shows the intraobserver agreement matrix for 
each observer for a six-category scale in which M3 and M6 
were pooled and all lymphoid subtypes were pooled sepa- 
rately into single categories. The weightings for disagree- 
ment among categories, which were used to calculate the k, 
statistic, are inserted in the right upper corner of each cell in 
Fig la for illustrative purposes. 

The pattern of disagreement is an important variable, 
since clinical management will depend on the FAB subtype. 
This is most relevant for lymphocytic v nonlymphocytic 
leukemias, in which induction regimens differ substantially. 
Figure 2 shows the intraobserver lymphocytic:nonlympho- 
cytic agreement matrix for observers A and B separately. 





tl 
nonlymphocytic lymphocytic Sagree xk 
nonlymphocytic -74 
t2 
lymphocytic 
k 
nonlymphocytic -75 
t2 
lymphocytic 
Fig 2. Agreement matrix within observers of a two-category 


scale (lymphocytic:nonlymphocytic) for two separate readings, 
using Wright-stained preparations alone. (A) Observer A; (B) 
observer B. 
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Each observer agreed 90% of the time as to whether the 
leukemia was lymphocytic or nonlymphocytic. For each 
observer, there were ten discordant readings. Reference to 
the agreement matrices of Fig 1 show that of the 20 
lymphocytic:nonlymphocytic disagreements, 17 (85%) in- 
volved the FAB M-1 subtype. 

Figure 3 shows intraobserver concordance for lymphoid 
subcategories (L-1 through L-3) of acute lymphocytic leuke- 
mia. For observer A, there was agreement on only 67.7% of 
cases (k = .41), whereas for observer B, the results were 
similar (62.5% agreement, k = .43). However, of the ten 
discordant readings for observer A, all represented lympho- 
cytic:nonlymphocytic disagreements, whereas for observer 
B, of the 12 discordant readings, ten represented lymphocyt- 
ic:nonlymphocytic disagreements. Therefore, of the 22 dis- 
agreements, only two represented errors within lymphoid 
subtypes. There was no disagreement between L-3, and L-1, 
2. 

Table 1 summarizes concordance results for intraobserver 
ratings for both observers using the six-category scale. When 
morphology alone 1s examined, the overall percentage of 
agreement for the first and second examinations is 64.8% for 
observer A and 70.5% for observer B. When chance-expected 
agreement is accounted for, the kappa value is .56 for 
observer A and .62 for observer B. The k, scores are higher 
than the k scores, since the weightings give credit for partial 
agreement. 

The relationship between the k score and the strength of 
agreement will be discussed subsequently. There are no 
universally accepted guidelines to determine an “acceptable” 
level of agreement. 

Interobserver concordance. The agreement between 
observers was assessed for each of two separate readings 
using Wright-stained slides only, and for a third reading in 
which cytochemical information was added. Figure 4 shows 
the agreement matrix for each of two separate readings of 
FAB classification using the six-category scale for which 
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Fig 3. Agreement matrix within observers of a four-category 
scale, using Wright-stained preparations alone. (A) Observer A; 
(B) observer B. 
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Table 1. Intraobserver Concordance for 
Morphological Assessment 








Agreement (%) Kappa (k) Weighted k (k,) 
Observer A 648 -56 -66 
Observer B 70.5 .62 .70 





morphological information alone was available, and Fig 5 
shows the agreement matrix when cytochemical data were 
also provided. 

To determine how the observers would use the classifica- 
tion based on immunophenotype, this information was pro- 
vided to each separately accompanied by cytochemical and 
Wright-stained preparations. This is not a true test of 
concordance for the immunophenotype method, since immu- 
nophenotype preparations themselves were not assessed. 
However, the study does provide information on how these 
data are used by the observers. 

The data presented in Table 2 summarize the results of 
interobserver agreement for all conditions. When Wright- 
stained preparations only were available, there was 63% 
agreement (k — .54) on the first reading and 7296 (k — .65) 
on the second reading. When weightings were used to credit 
partial agreements, k, was .63 on the first reading and 
improved to .71 on the second reading. This suggests the 
possibility of a learning effect from the first to the second 
reading. Although the number of discordant readings 
declined from the first to the second (39 to 29), the propor- 
tion of lymphocytic:nonlymphocytic discordant pairs was 
identical (31%) among the total number of disagreements for 
the first (12/39) and second (9/29) readings. 

Figure 5 shows the pattern of concordance between 
observers when cytochemical information was provided. 


A 








Obs B 

















Obs B 





Fig 4. Agreement matrix between two observers on two 
separate readings, using Wright-stained preparations alone. (A) 
First reading; (B) second reading. The assessments were done at 
least 2 weeks apart. 
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Obs A 


Obs B 





Fig 5. Agreement matrix between two observers for a six- 
category scale in which Wright-stained and cytochemical prepara- 
tions were available for assessment. 


Interobserver concordance improved from k = .65 in the 
absence of cytochemistry to .86 when cytochemical data 
were added, and k, improved from .71 to .88 The availability 
of immunophenotyping was associated with almost perfect 
agreement (k = .99). The influence of cytochemistry and 
immunophenotyping on nonlymphocytic:lymphocytic dis- 
agreements is also shown in Table 2. When Wright-stained 
preparations alone were examined, there were nine occasions 
in which lymphocytic and nonlymphocytic subtypes were 
discordant. Addition of cytochemical information resulted in 
only four such disagreements, while immunophenotyping 
eliminated this problem. These data suggest that the observ- 
ers depended primarily on the immunophenotype pattern 
when making a final judgment. 

Although the demonstration of a high degree of reproduci- 
bility does not necessarily establish the validity of a classifi- 
cation, we decided to use the immunophenotyping results as 
a “gold standard” to determine the final phenotype among 
discordant readings involving the lymphocytic:nonlympho- 
cytic categories. These data are shown in Table 3. Among the 
ten discordant readings by observer A when Wright-stained 
preparations only were available, eight are classified as 
lymphocytic and two are of nonlymphocytic origin. For 
observer B, among ten discordant readings, six were lympho- 
cytic and four, nonlymphocytic. Interobserver discordance 
among lymphocytic:nonlymphocytic subtypes in Wright- 
stained preparations occurred 12 times on the first reading, 
of which nine were immunophenotyped as lymphocytic and 
three as nonlymphocytic. On the second reading, eight of the 
nine discordant readings immunophenotyped as lymphocytic 
and one as nonlymphocytic. There were only four lymphocyt- 
ic:nonlymphocytic discordant readings with cytochemistry, 
and all immunophenotyped as lymphocytic. 

In view of the high degree of concordance with immuno- 
phenotyping, we have characterized all of the 93 cases for 
which this information was available. Fifty-five patients had 


903 


Table 3. Immunophenotype Diagnosis for Lymphoid: 
Nonlymphoid Discordant Readings 








Pan Immunophenotype Diagnosis 
Condition Readings Lymphoid Nonlymphoid 
Intraobserver 
Morphology Observer A 10 8 2 
Observer B 10 6 4 
Interobserver 
Morphology 1st reading 12 9 3 
2nd reading 9 8 1 
Cytochemistry 4 4 o 





acute nonlymphocytic leukemia, 25 had acute lymphocytic 
leukemia, and 13 had mixed phenotypes of which 12 were 
mixed lineage and one had dual markers on the same cells.!° 
The acute lymphocytic leukemias, including those with dual 
markers, could be subclassified into 15 CALLA positive, 12 
T cell, 5 null cell, 2 B cell, and 1 pre-B cell. There was only 
one disagreement among 93 samples in which observer A 
classified a sample as M-1 and observer B classified the same 
sample as M-2. For all other samples, there was perfect 
agreement within the nine-category scale of the FAB classifi- 
cation. 

The almost perfect agreement with immunophenotyping 
depends on agreed-to specific objective criteria for subclas- 
sification. On this basis we can conclude that observers who 
accept these objective criteria for immunophenotyping will 
agree in most cases. The objective criteria used by our 
observers is the subject of a separate report. 


DISCUSSION 


The appropriate treatment of acute leukemia is influenced 
by the type of disease, which is usually characterized by 
morphological assessment. This is especially relevant for the 
distinction between acute lymphocytic and nonlymphocytic 
leukemias, in which induction regimens are quite different. 
Apart from a choice of induction therapies, the intensity of 
postremission consolidation chemotherapy may be in- 
fluenced if an association between FAB subtype and remis- 
sion duration is found in future studies. There is evidence 
that the FAB classification may distinguish between leuke- 
mias that are biologically different, since correlations 
between FAB subtype and specific nonrandom chromosomal 
abnormalities have been shown.'” In view of these consider- 
ations, it is important that the reproducibility of the FAB 
classification and of any additional diagnostic procedures be 
properly evaluated. 

We have presented a formal evaluation of an agreement 


Table 2. Contribution of Cytochemistry and Immunophenotyping to Concordance Between Two Observers (Six-Category Scale) 





No. of Discordant Readings 





Agreement (%) k kw N Total Lymphoid Myeloid 
Morphology alone t1 63 .54 .63 105 39 12 
12 72 65 .71 105 29 9 
Morphology -- cytochemistry 89 .86 88 105 12 4 
Morphology + cytochemistry 
+ immunophenotyping 99 .99 .99 93 1 0 
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Table 4. Agreement Studies Using FAB Classification in Acute Leukemia 





No of 








Dragnostic No of Agreement (%) 
First Author Year Ref No Data Base Categories Cases Intraobserver Interobserver Comments 
Whittacker 1979 13 M,C 6 278 -— 45.7 ANLL only; 3 observers 
Viana 1980 14 M 4 170 — 74.8-86.8 Acute lymphocytic leukemia only; 
2 observers 
— 69.4 3 Observers 
Mertelsmann 1980 3 M 1 228 — 69 2 Observer groups; modified FAB 
Bennett 1981 4 M 3 100 — 60 Acute lymphocytic leukemia only 
Head 1985 15 M,C 9 233 63.8,76 58.3-80 Individual classification 
This study M 6 105 64.8,70.5 72 Kappa and weighted kappa statis- 
tics used to correct for chance 
M,C 6 105 86 agreement 
MLC 9 93 99 











Concordance results using consensus are not included, since consensus 1s not associated with independent blind assessment. ANLL, acute 
nonlymphocytic leukemia; M, morphology (Wright stain); C, cytochemistry, |, immunophenotype 


study between observers whose decisions in almost all cases 
influence patient management ın our region. We have used a 
statistical procedure that accounts for chance-expected 
agreement. Furthermore, we have attempted to determine 
the contribution of cytochemistry and immunophenotyping 
to reproducibility of the FAB classification. Our data indi- 
cate that immunophenotyping may contribute substantially 
to the morphological classification of acute leukemia. In this 
study, biphenotypic leukemias were diagnosed only by the 
immunophenotype method. 

The majority of studies that have examined the reproduci- 
bility of the FAB or a closely related classification in acute 
leukemia focused on the agreement between single observers 
and a panel of acknowledged experts (see Table 4). Only one 
study mentioned the extent of intraobserver concordance, 
although no details regarding the pattern of disagreement 
within observers was presented. In the majority of cases, 
agreement of panels of experts or of three or more observers 
was examined. As Table 4 indicates, some of these studies 
examined extent of agreement using morphological criteria 
alone, while others included cytochemical evaluation. The 
number of categories that were used to determine extent of 
agreement differed among the studies. In view of these 
differences, it is difficult to compare the results across 
studies. Furthermore, none of the previously reported studies 
used a statistical analysis that accounts for chance-expected 
agreement. 

There are no universally recognized guidelines for what 
represents an acceptable level of reproducibility for the 
morphological classification of acute leukemia. The results 
reported in this study are similar to those of other studies, but 
for the reasons given, the results are not directly comparable. 
It would be highly desirable if reproducibility were perfect. 
However, where subjective judgments play an important role 


in classifying disease, it is unrealistic to expect that all 
observers will act identically. Thus, classifications that 
depend on human interpretations are subject to wide varia- 
tion, which can be considered part of the measurement error. 
The establishment of easily recognizable and interpretable 
objective criteria will contribute substantially to reducing 
this variability. 

An estimate of the level of agreement that can be expected 
when judgments about clinical information are made by two 
observers has been reviewed by Koran.'$ None of the studies 
reviewed in Koran's report dealt with hematologic/morpho- 
logical evaluation. Moreover, most of the data reviewed dealt 
with simple two-category judgments, such as whether a 
disease or clinical sign (on physical examination, radiologic 
examination, EEG, EKG, etc) was present or absent, or 
normal or abnormal. For these evaluations, kappa scores 
ranged from <.3 to .83. 

Demonstration of reproducibility is not a sufficient condi- 
tion for establishing validity. Two observers can agree on an 
event, but both may be wrong. In this case, reproducibility 
may be high, but the validity of the observations cannot be 
said to have been established. Although reproducibility is not 
a sufficient condition for establishing validity, the remark- 
able consistency of the immunophenotyping results in this 
study suggest that surface marker analysis of acute leukemia 
should be considered an important element in the classifica- 
tion of this disease. In view of our results, it is recommended 
that criteria for immunologic classification of acute leuke- 
mias be established among investigators. Proper evaluation 
of concordance for these methods will require further studies. 
In addition, further studies will be required to determine 
whether clinical decisions based on different methods of 
morphological classification of acute leukemia will improve 
treatment results. 
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Multilineage Hematopoietic Growth Factor Interleukin 3 and Direct Activators 
of Protein Kinase C Stimulate Phosphorylation of Common Substrates 


By Stuart W. Evans, Donna Rennick, and William L. Farrar 


In order to investigate early signal transduction events in 
myeloid cells, the phosphosubstrates of an interleukin 3 
(IL 3)-dependent cell line, FDC-P1, have been analyzed. 
Using synthetic diacylglycerol as a direct activator of the 
unique calcium-phospholipid-dependent phosphotransfer- 
ase protein kinase C (PK-C) and genetically engineered 
homogeneous IL 3, we have demonstrated a common 
element to signal transduction events associated with 
these stimulants. One novel substrate, p68 (68,000 kd), 
was rapidly phosphorylated in either IL 3- or diacylglycerol- 
stimulated cells. The phosphorylation of p68 was 
dose-dependent, with both the physiological ligand and 
diacylglycerol inducing the same maximal level of phospho- 
rylation. Phosphorylation of p68 occurred in a time-depen- 
dent manner analogous to previously described kinetics of 
PK-C subcellular redistribution in the FDC-P1 cell line. The 


HROUGH THE INTERACTION between a popula- 
tion of progenitor cells and appropriate polypeptide 
growth factors, vertebrate organisms are able to regulate the 
production of.heterogeneous blood cells with diverse func- 
tional activities In addition to the biological characterization 
of distinct peptide signals involved in hematopoiesis, sev- 
eral of these glycoprotein growth factors have been purified 
to homogeneity and their cDNA nucleotide sequences deter- 
mined.?*-! 

Interleukin 3 (IL 3) is one member of the polypeptide 
hematopotetic growth factors collectively referred to as colo- 
ny-stimulating factors (CSF). The apparent diversity of 
biological activities expressed by this molecule in vitro has 
resulted in several alternative nomenclatures based on the 
biological assays used, including multi-CSF, P cell-stimulat- 
ing factor (PCSF), burst-promoting activity (BPA), mast 
cell growth factor (MCGF), and hematopoietic cell growth 
factor (HCGF).''"* Synthesized by mitogen- or antigen- 
activated lymphocytes,'^! IL 3 appears to control the growth 
and differentiation of pluripotent stem cells, leading to the 
production of all the myeloid blood cell types. Unlike other 
growth factors, such as epidermal growth factor (EGF), 
platelet-derived growth factor (PDGF), and fibroblast 
growth factor (FGF), which act by stimulating cells to 
proliferate, the hematopoietic growth factors, including IL 3, 
appear to be essential also for growth and the maintenance of 
cellular viability." Fibroblasts maintain a quiescent viability 
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p68 substrate was also phosphorylated in a cell-free 
system under conditions designed to activate PK-C. 
Phosphoamino acid analysis demonstrated that the p68 
molecule phosphorylated in intact cells as well as in a 
calcium-phospho-lipid-dependent cell-free system was 
phosphorylated on threonine residues, not tyrosine. These 
data support the hypothesis that the activation of PK-C 
that occurs after IL 3-receptor interaction which leads to 
the rapid phosphorylation of cellular proteins is an impor- 
tant element of the signal transduction mechanism in 
FDC-P1 cells. We propose that phosphorylation of the p68 
molecule is a physiochemical marker for the activation of 
PK-C in myeloid cells, in response to the growth-promoting 
physiological ligand. 

o 7986 by Grune & Stratton, Inc. 


in the absence of EGF or PDGF, while hematopoietic cells 
will die in the presence of serum depleted of CSFs. 

The true extent of the biological role of IL 3 in vivo 
remains obscure. Although IL 3 can stimulate erythroid 
colonies (BPA) in vitro, this growth factor cannot be 
detected in vivo even in severely anemic animals with greatly 
elevated levels of erythropoietin, another growth factor 
closely associated with erythropoiesis. Also, attempts to 
modulate erythropoiesis or eosinophilopoiesis 1n vivo using 
IL 3 have been unsuccessful. Even though the role of IL 3 in 
vivo is not clear, the fact that it has such a wide range of 
biological activities in vitro and that its mechanism of action 
appears to be distinct from those of other growth factors, 
such as EGF, PDGF, and FGF, suggest that it is important 
to investigate its mechanisms of action. 

The reversible phosphorylation of proteins is now recog- 
nized to be one of the major mechanisms by which intracellu- 
lar events can be controlled by hormonal stimuli. Several 
distinct phosphorylating enzymes can be distinguished by 
their cofactor requirements, protein substrate specificity, or 
the specific amino acid moieties to which they transfer 
phosphate groups. Among the best characterized phospho- 
transferases are the cyclic adenosine monophosphate-depen- 
dent protein kinases (PK-A)? and the calcium-calmodulin 
phosphotransferase system.” Complementing the protein 
kinases are a group of dephosphorylating enzymes, protein 
phosphatases (see reference 23 for a review). Two phospho- 
rylating systems have recently been closely associated with 
the growth and transformation of cells. Tyrosine kinase 
activity appears to be intrinsic to several retroviral trans- 
forming proteins (for review see reference 24) as well as 
cellular receptors for growth factors, such as EGF and 
PDGF."5 The second protein phosphotransferase system 
recently associated with cell growth and transformation is 
protein kinase C (PK-C). PK-C is believed to mediate the 
effects of the tumor-promoting phorbol esters" as well as 
potentially mediate the signal transduction process of onco- 
genes that have reported tryosine kinase activity.“ Phorbol 
esters physiochemically substitute for diacylglycerol, a 
hydrolysis product of phosphatidylinositol (PI), in the activa- 
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tion of PK-C. Ligand-receptor interaction for a variety of 
hormones and neurotransmitters is thought to be the physio- 
logical signal initiating PI hydrolysis in the plasma mem- 
brane (for review see reference 30). Concomitant with PK-C 
stimulation seems to be its association with the inner surface 
of the plasma membrane." The previous observation that 
IL 3 was able to induce the translocation of PK-C from 
cytosol to the cell membrane, a phosphotransferase system 
shared by phorbol esters," stimulated our interest in the 
possible role of this enzyme in the growth and differentiation 
of hematopoietic cells. The studies presented in this report 
examine the substrates of protein phosphorylation induced 
by IL 3 in homogeneous factor-dependent myeloid cells. We 
report here that IL 3 stimulates phosphorylation of protein 
substrates identical to those stimulated by direct physio- 
chemical activators of PK-C. These studies provide direct 
evidence that PK-C has a role in the mechanism of signal 
transduction that affects the physiological response to IL 3 
and characterizes the biochemical substrates of PK-C in 
myeloid cells. 


MATERIALS AND METHODS 

Recombinant murine IL 3 and granulocyte-macrophage (GM)- 
CSF were produced by one of us (D.R.) at DNAX, as previously 
described.?'* 1-Oleyol-2-acetylglycerol (OAG) was purchased from 
Avanti Polar Lipids (Birmingham, Ala). 48-Phorbol 128-myristate 
13a-acetate (PMA) was purchased from Sigma Chemical Co (St 
Louis). ?P-orthophosphate 10 mCi/mL in 0.2 mol/L HCI was 
purchased from Dupont-New England Nuclear (Boston). Vitamin 
D, analog a-1,25 dihydroxyvitamin D, was provided by Dr M. 
Uskokovic, Hoffman La Roche (Nutley, NJ). All other chemicals 
were purchased from standard sources. 

Maintenance and isotopic labeling of FDC-PI cell line. My- 
eloid FDC-P1 cells? were maintained in RPMI 1640 (Advanced 
Biotechnologies, Silver Spring, Md), 0.1 mg/mL glutamine, 10% 
fetal calf serum (Hyclone, Logan, Utah), 10% WEHI-3 conditioned 
medium, 100 U/mL penicillin, and 0.1 mg/mL streptomycin. 
Culture conditions were 5% CO), 9% relative humidity, and 37 °C. 
Before use, FDC-P1 cells were washed free of serum and IL 3 with 
three consecutive washes, two in IL 3-free and one in serum-IL 
3-free medium and incubated for two hours at 37 °C. FDC-PI cells 
rested in this manner were not irreversibly committed to death and 
behaved in proliferation assays as well as untreated cells. 

The cells were then washed free of phosphate with two changes of 
10 mmol/L HEPES saline and resuspended in phosphate-free 
RPMI 1640 at 1 x 10' cells per milliliter. Thirty minutes later 0.5 
mCi of ?P-orthophosphate equilibrated with 20 mmol/L NaOH was 
added to each 1-mL suspension. Orthophosphate pools of cells were 
allowed to equilibrate for one hour at 37 °C. 

Ligand stimulation of cells and extraction of detergent-soluble 
proteins. Cells (10’/mL) were stimulated for 15 minutes (unless 
otherwise stated) with either a mock material (material prepared 
exactly as genetically engineered IL 3 and GM-CSF but without 
biologically active factor), riL 3 2 x 10* U/mL, GM-CSF 10° 
CFU/mL, OAG 100 ug/mL, PMA 10 ng/mL. All materials were 
added at a final protein concentration of 2 ug/mL (adjusted with 
fatty acid-free bovine serum albumin [BSA]). Units of IL 3 were 
defined by a proliferation assay, one unit stimulating 5076 maximum 
proliferation in 10,000 cells. After stimulation, cells were washed 
once with ice-cold complete RPMI 1640. Cells were lysed in 1% 
Triton X-100, 10 mmol/L Tris-saline pH 7.5, 10 mmol/L NaF, 10 
mmol/L EDTA and kept on ice for 30 minutes. Insoluble material 
was removed by centrifugation at 10,000 g for ten minutes. 
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Preparation of particulate membrane and cytosol fractions of 
FDC-Pl cells and cell-free protein kinase C phosphoryla- 
tion. Cells were washed free of serum (two washes in 10 mmol/L 
HEPES saline) adjusted to | x 10? cells per milliliter in homogeni- 
zation buffer (20 mmol/L Tris-HCl pH 7.5, 2 mmol/L PMSF, 5 
mmol/L EGTA, 2 mmol/L EDTA, 11% wt/vol sucrose). Cells were 
then broken in a Dounce homogenizer. Broken cell suspension was 
layered over a 41% sucrose cushion and centrifuged at 100,000 g for 
one hour. The cytosol fraction was removed from above the interface 
while the particulate membrane was removed from the interface. 
The particulate membrane was washed and pelleted by centrifuga- 
tion at 100,000 g for one hour and finally resuspended in homogeni- 
zation buffer. Membrane and cytosol fractions were frozen on dry 
ice and stored at —70 ?C. The basic reaction buffer 20 mmol/L 
Tris-HCl pH 7.5, 75 mmol/L Mg * was used in all reactions. Ca" ' 
(0.5 mmol/L or 5 mmol/L), phospholipid (12 ug/ml. phosphatidyl- 
serine, 0.4 ug/mL 1,2-diolein), EGTA and partially purified PK-C 
were included, as indicated in figure legends. Reactions carried out 
at 32°C were started by the addition of adenosine triphosphate 
(ATP) adjusted from cold ATP and "P ATP (:-5,000 Ci/mmol) to 
give a final concentration of | mmol/L at 7.5 to 10 x 10° cpm. 

Phosphoaminoacid analysis. Slices of sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE), corresponding to 
the location of phosphorylated proteins identified by autoradiogra- 
phy. were placed in an extraction buffer, 20 mmol/L ammonium 
phosphate 1% SDS, 5% 2-mercaptoethanol (2-ME), homogenized 
and shaken at 37 °C for 48 hours. Extracted proteins were precipi- 
tated together with 10 ug of BSA as carrier protein in 20% 
trichloroacetic acid. The precipitates were washed, twice with etha- 
nol ether (3:1) and once with ether alone, air-dried, and then 
hydrolyzed with 6 mmol/L hydrochloric acid for one hour at 1 10 °C. 
HCI was removed by heating under vacuum in a rotor evaporator. 
Single-dimension thin-layer electrophoresis was carried out at 1,500 
V for 40 minutes, using cellulose thin-layer plates and pyridine:gla- 
cial acetic acid:water (10:100:1890) buffer pH 3.5. Phosphoamino- 
acids were identified using unlabeled standards located with ninhy- 
drin. 

Sample preparation and electrophoresis. Samples for single- 
dimension SDS-PAGE were adjusted to 0.66 mmol/L Tris-HCl pH 
6.8, 10% wt/vol glycerol, 5% 2-ME, 2% SDS. Samples for nonequili- 
brating pH gel electrophoresis (NEpHGE) were solubilized in final 
concentration of 9.5 mmol/L urea, 2% NP-40, 2% ampholines (4:1 
pH 5 to 7 : pH 3.5 to 10), 5% 2-ME. For SDS-PAGE 7.5% to 15% 
gradient, 7.5 mm thick separating gel with a 3% stacking ge! were 
used, Samples were loaded into preformed slots and separation was 
carried out at 15 mA per gel. For NEpHGE, the sample was loaded 
at the anode end of a 6% acrylamide, 2% ampholine (pH 3.5 to 10) 
tube gel (2 mm ID x 120 mm L). Separation was carried out at 400 
V for four hours. Second-dimension SDS-PAGE was essentially the 
same as single-dimension SDS-PAGE except that after focusing, the 
NEpHGs were equilibrated in stacking gel buffer 1% 2-ME for 2.5 
hours and fixed above the SDS-PAGE with 1% agarose. 

Detection of radiolabeled proteins. After electrophoresis, the 
gels were washed in methanol:water:acetic acid (5:5:1) for at least 
three one-hour washes. Gels were then rehydrated by washing in 
water, supported on filter paper, and dried (Biorad gel drier, 
Richmond, Calif). Autoradiography was carried out using Kodak 
XAR 5 film. 


RESULTS 


The extent of phosphorylation induced by the interaction 
of IL 3 with its receptor and the role of PK-C in this signal 
transduction was studied. In order to examine these ques- 
tions, we selected the murine IL 3-dependent cell line 
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FDC-P1 developed by Dexter et al as our homogeneous 
target cell population. Two nonpeptide chemical com- 
pounds, the tumor-promoter PMA and a synthetic analog of 
diacylglycerol l-oleyol-2-acetylglycerol (OAG), are known 
to activate PK-C in intact cells both directly and physio- 
chemically." The protein phosphorylation patterns induced 
by these agents were compared with those induced by IL 3 (a 
growth factor essential for FDC-PI survival), GM-CSF (a 
growth factor for which our FDC-P1 cell lines appears to 
have no biological response and that is unable to replace IL 
3), and the tumor-promotor 1,25 dihydroxyvitamin D,, an 
analog of vitamin D; that does not appear to activate PK-C. 
Figure | shows the phosphorylated substrates from intact 
cells after treatment for 15 minutes with different stimulat- 
ing agents. An obvious increase in phosphorylation of two 
substrates, a 68,000-dalton molecule (p68) and a 20,000- 
dalton molecule (p20), was noted in IL 3-, OAG-, and 
PMA-stimulated cells but not in cells stimulated by GM- 
CSF or the vitamin D, analog. We also observed apparent 
dephosphorylation of two bands (110,000 and 45,000 dal- 
tons) in the IL 3-stimulated cells but not in cells treated with 
any of the other agents, including OAG and PMA. Densi- 
tometric scans (Fig 2) of a similar autoradiograph confirm 
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Fig 1. Single-dimension SDS-PAGE analysis of phosphosub- 
strates. Orthophosphate-labeled material extracted from (A) 
mock-, (B) IL 3-, (C) OAG-, (D) PMA-, (E) GM-CSF-, and (F) a-1,25 
dihydroxyvitamin D,-treated cells is compared. The positions of 
major differences are indicated as approximate molecular weights 
x 10 ? dalton. 
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Fig 2. Densitometric scans of an autoradiograph from single- 
dimension SDS-PAGE analysis of phosphosubstrates from intact 
cells treated with either mock material ----, IL 3 . or OAG.... 
Scans show comparison between mock and IL 3 treatment (A) and 
mock and OAG treatment (B). Solid shade represents phosphoryl- 
ation compared with control, while slashed shade represents 
dephosphorylation compared with control. 





the visual appraisal that the principal changes are (a) 
increased phosphorylation of the p68 and p20 in IL 3- and 
OAG-treated cells and (b) dephosphorylation of the pl10 
and p45 in only IL 3-treated cells. The scans also suggest that 
other less obvious changes in phosphorylation may be taking 
place. Comparison of the IL 3-treated cells with mock- 
stimulated cells (Fig 2A) reveals small changes in phosphor- 
ylation of molecules with molecular weights (mol wt) 
between 100,000 and 60,000 daltons. These changes include 
increased phosphorylation and dephosphorylation of mole- 
cules. OAG treatment (Fig 2B) also increased phosphoryla- 
tion of several molecules; in fact, the OAG-induced 
phosphorylation of some of these molecules appeared greater 
than that induced by IL 3. The only qualitative difference 
between IL 3 treatment and OAG treatment appears to be 
dephosphorylation of pl10 and p45. 

In order to determine better the extent of growth ligand- 
induced changes in phosphorylation, we compared the phos- 
phoproteins by two-dimensional electrophoresis (Fig 3). The 
principal phosphorylation and dephosphorylation events 
associated with ligand stimulation are identified by com- 
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Fig 3. Two-dimensional NEpHGE x SDS-PAGE, O’Farral anal- 
ysis of phosphosubstrates from intact cells. Orthophosphate- 
labeled material extracted from intact cells after treatment for 15 
minutes with (A) mock material, (B) IL 3, and (C) OAG. Phospho- 
substrates p68, p20, and p110, together with two reference 
proteins, M2 and M3 (M2 and MG can be identified in Figs 5A and 
6). are indicated by arrows and labeled on the map (D), with 
appropriate mol wt x 10 ? daltons. The anode and cathode for 
electrophoresis are also indicated on the map. 


paring the phosphorylation patterns for control, mock- 
stimulated cells (3A), with IL 3-stimulated (3B) and 
OAG-stimulated (3C) cells. Both IL 3 and OAG stimulate 
phosphorylation of one molecule with identical charge-mol 
wt not detected in the resting cells. This molecule has a mol 
wt of approximately 68,000 daltons. A second molecule 
showing increased phosphorylation after stimulation of 
intact cells with either IL 3 or OAG has a mol wt of 
approximately 20,000 daltons. These molecules probably 
correspond to those identified by single-dimension electro- 
phoresis. We were able to confirm the dephosphorylation of 
molecules with mol wt around 110,000 daltons induced by IL 
3 but not by OAG. Therefore, two-dimensional analysis 
confirmed the principal changes detected in single-dimension 
analysis, at the same time extending the molecular properties 
compared. IL 3 and OAG induce phosphorylation of the 
same 68,000-dalton phosphoprotein, but IL 3 also induces 
dephosphorylation of a group of molecules with mol wt 
110,000 daltons, while OAG increases the phosphorylation 
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of a number of additional phosphoproteins. The principal 
changes observed were highly reproducible and could be 
identified by both single-dimension SDS-PAGE and two- 
dimensional NEpHGE x SDS-PAGE. Some of the smaller 
changes and the dephosphorylation of p45 that were identi- 
fied by SDS-PAGE were less apparent. These changes were 
never seen on the two-dimensional phosphorylation patterns, 
suggesting that the p45 protein may be less abundant 

This study deals with phosphorylation changes in the 
FDC-PI cell line. Using other IL 3-dependent cell lines, 
including FDC-P2, NSF 60, and NSF 60.8, we have 
observed that IL 3 stimulates the phosphorylation of a 
substrate with identical charge-mass ratio as p68. The 
analysis of p68 phosphorylation in these cells will be a subject 
of a separate paper that focuses on the ability of other growth 
factors, as well as IL 3, to activate PK-C. The 20,000-dalton 
protein phosphorylated by IL 3 or OAG stimulation comi- 
grated with myosin light chain, a previously described PK-C 
substrate. Therefore, we chose to concentrate further studies 
on the uncharacterized 68,000-dalton molecule. Because the 
ligand-induced translocation of PK-C from cytosol to mem- 
brane is believed to be transient," the temporal kinetic 
change in p68 phosphorylation associated with IL 3, OAG, 
and PMA stimulation of the FDC-PI cells was analyzed. A 
time course analysis comparing the effects of IL 3, PMA, 
and OAG on phosphorylation of the 68,000-dalton molecule 
is represented in Fig 4A. The effect of IL 3 is transient, with 
peak phosphorylation at around ten minutes. Phosphoryla- 
tion induced by OAG is also transient, while PM A-induced 
phosphorylation was more sustained and still significantly 
greater than background after two hours. Moreover, 
increases in relative phosphorylation were the result of 
increased “P incorporation into protein substrate, since 
protein levels of the 68,000 substrate did not vary during the 
experimental time course (data not shown). The phosphoryl- 
ation pattern from an SDS-PAGE analysis illustrates the 
same result (Fig 4B). The changes induced by IL 3 appear 
transient; particularly clear is the change in phosphorylation 
of the 68,000-dalton molecule, while the effect of PMA was 
more persistent. 

To demonstrate that the phosphorylation observed in 
intact cells was in fact due to PK-C, we carried out phospho- 
rylation in a cell-free lysate enzyme reaction. In Fig 5A. 
phosphorylation of cytosolic and membrane fractions of 
FDC-PI cells by a calcium-phospholipid-dependent kinase 
(PK-C) is shown. The reaction conditions described with the 
figure were designed to detect calcium-phospholipid-depen- 
dent PK-C substrates. In the cytosolic fraction, a group of 
calcium-phospholipid-dependent phosphosubstrates with 
mol wt of around 68,000 daltons was observed, while in the 
membrane fraction, a single dominant phosphosubstrate 
with mol wt of 68,000 daltons was detected. Analysis of the 
cytosolic (PK-C) phosphosubstrates by two-dimensional 
electrophoresis (Fig 5B) allows the identification of a mole- 
cule with identical charge-mass ratio as the 68,000-dalton 
substrate phosphorylated by either IL 3 or OAG in intact 
cells. The 68,000-dalton molecule seen in isolated mem- 
branes does not have the same charge-mass ratio (data not 
shown). It appears that the 68,000-dalton molecule that 
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(A) Kinetics of p68 phosphorylation after treatment of cells with IL 3, OAG, or PMA. The 68,000-dalton molecule was excised 


from the gel and homogenized in 3096 hydrogen peroxide for 30 minutes. The extent of Cerenkov radiation was then determined in a 
scintillation spectrometer. IL 30——O, OAG A---A, PMA ©... O. (B) Single-dimension analysis of phosphosubstrates at different times 
after treatment of cells with mock material (M), IL 3, or PMA. Position of 68,000-dalton phosphosubstrate is indicated by arrow. Time since 
ligand stimulation (and corresponding to end point) is given below each pair of samples. 


constitutes a minor phosphosubstrate for PK-C in cell-free 
systems is located in the soluble phase in intact cells, 
although a loose association with the plasma membrane 
cannot be excluded. Nevertheless, cell-free studies confirmed 
that the 68,000-dalton protein phosphorylated by IL 3 or 
OAG in intact cells was an enzymatic substrate of PK-C in 
vitro. 

To confirm that the phosphorylation seen in intact cells 
was due to a serine-threonine rather than a tyrosine kinase, 
we carried out phosphoaminoacid analysis of the 68,000 
PK-C substrate (Fig 6). It is clear that the phosphorylation 
of a 68,000-dalton protein in intact cells induced by either IL 
3 or OAG occurs at threonine residues and not tyrosine. 


DISCUSSION 


Although many of the growth factors associated with the 
proliferation and differentiation of hematopoietic cells have 
been characterized and their biological activities established 
at least in vitro," ? little is known about the mechanism of 
action of these molecules. We chose to begin our investiga- 
tion of the molecular control of growth and differentiation by 
identifying the second-message systems affecting signal 
transduction immediately after ligand-receptor interaction. 
It has been suggested that phorbol esters potentiate mitogen- 
esis through biochemical pathways that converge with those 
of hormones*””* and that the PK-C phosphotransferase sys- 
tem may be the one unifying site of this biochemical conver- 
gence.” With this in mind we set out to establish the role of 
PK-C as a signal transduction mechanism associated with 
the biological action of IL 3. By comparing the phosphoryla- 
tion induced by agents that are known to directly activate 
PK-C with the phosphorylation seen after IL 3 stimulation of 
intact cells, we identified two obvious phosphosubstrates with 
the greatest net change in phosphorylation, p68 and p20, 


after either treatment with IL 3 or direct PK-C activators. 
This observation reinforces our previous findings that PK-C 
translocates to the plasma membrane after the interaction of 
IL 3 with its receptor. Phorbol esters, such as PMA, have 
been shown to induce the rapid translocation of PK-C from 
cytosol to membrane; concomitant with this translocation of 
PK-C the enzyme is activated. ^?" We describe in this 
paper the phosphorylation events observed in the FDC-P1 
ceil line. The IL 3- and OAG-stimulated phosphorylation of 
one major substrate, p68, has been observed in other IL 
3-dependent cell lines, FDC-P2 and NSF-60, suggesting that 
this substrate may be an important element in IL 3 signal 
transduction. Furthermore, we and others have identified a 
substrate with identical charge-mass ratio to p68 in cytotoxic 
T lymphocytes, which is phosphorylated after IL 2 and OAG 
stimulation of these cells.*!“* These findings indicate that 
p68 may be highly conserved among various lineage cells and 
is coupled to other growth factor receptors, such as IL 2. 
Using the FDC-PI cell line, we have previously shown that 
IL 3 will induce a rapid but transient translocation of PK-C 
from the cytosol to the membrane.” Interestingly, the tran- 
sient phosphorylation of p68 we described in this study 
appears to parallel the kinetics of PK-C subcellular redistri- 
bution that we previously reported, thereby providing fur- 
ther evidence that the PK-C phosphotransferase system is 
physiologically significant for transduction of the signal 
delivered by IL 3-receptor interaction. Differences primarily 
in the dephosphorylation pattern between the physiological 
ligand and OAG were also observed. IL 3 stimulated the 
dephosphorylation of pllO and p45 substrates, whereas 
OAG did not. This observation suggested the possibility of an 
additional receptor-coupled phosphoprotein regulatory sys- 
tem induced by IL 3 that is not stimulated by direct 
activators of PK-C. Because most physiological growth 
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Fig5. (A) Single-dimension SDS-PAGE analysis of 
cell-free phosphosubstrates generated under dif- 
ferent calcium ion and phospholipid conditions.A-E 
cytosol, F-I membrane fraction prepared as described 
in Materials and Methods. Reaction conditions, indi- 
cated on the figure, were (A) cytosol, without Ca' ' or 
phospholipid: (B) cytosol, 5 mmol/L Ca’ '; (c) cytosol, 
0.5 mmol/L Ca' '; (0) cytosol, 0.5 mmol/L Ca** and 
SDS-PAGE 


phospholipids; (E) cytosol and phospholipid, no Ca' '; 
(F) membrane, PK-C, no Ca“ `; (G) membrane, 5 mmol/ 
L Ca' '; (H) membrane, no PK-C, 0.5 mmol/L Ca' '; (i) 
membrane, 0.5 mmol/L Ca' ' and PK-C; (J) 0.5 mmol/ 
L Ca' ', phospholipid, and PK-C. References proteins 
M1, M2, and MG, as well as the p68 and p20 phospho- 
substrates, are identified with arrow heads. (B) Two- 
dimensional NEpHGE x SDS-PAGE analysis of cell- 
free phosphosubstrates from a reaction similar to Fig 
6, lane D. Cytosolic substrates incubated in the pres- 
ence of calcium phospholipid and endogenous PK-C. 
The 68,000- and 20,000-dalton substrates are indi- 
cated, as well as three references proteins (M1, M2, 
and M3) identified on the SDS-PAGE (Fig 5A). 


ligands also stimulate calcium mobilization and direct stimu- 
lants of PK-C (OAG and PMA) do not, additional enzy- 
matic systems regulated by the physiological ligand may 
involve calcium. 

The inability of PMA and OAG to stimulate proliferation 
of the FDC-P1 cells is not surprising. First, other phosphoryl- 
ation events not associated with the activation of PK-C, 
including the dephosphorylation of p110 as well as the other 
changes detected by densitometric scanning (Fig 2) may 
represent biochemical events distinct from PK-C. Second, 
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even if physiological activation of PK-C is responsible for 
control of proliferation, the use of synthetic agents outside of 
normal feedback control might be expected to result in 
discordant biochemical events after long-term stimulation. 
The value of these pharmacological agents is in the short- 
term experiment in which the stimulation of rapid biochemi- 
cal events mimics the activation of IL 3 on its receptor. 
There is reasonable evidence that for some growth factors, 
such as EGF and PDGF, the respective receptors possess 
tyrosine kinase activity.*?* Accordingly, we examined 
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Fig 6. Phosphoaminoacid analysis of the 68,000-dalton mole- 
cule extracted from two-dimensional NEpHGE x SDS-PAGE. Using 
thin-layer electrophoresis to analyze products of the acid hydroly- 
sis, the p68 phosphorylated in intact cells after IL 3 or OAG 
treatment together with the substrate phosphorylated by PK-C in 
a cell-free system are compared. The positions of cold phos- 
phoaminoacid standards for serine threonine and tyrosine are 
marked as determined by development with ninhydrin. 


whether the unique phosphosubstrates induced by IL 3 were 
phosphorylated at tyrosine or serine-threonine residues. The 
p68 protein phosphorylated in intact cells by IL 3 or OAG 
treatment and in a cell-free system was phosphorylated on 
threonine residues, not tyrosine. These results suggest that 
the phosphorylation of p68 is affected by the calcium- 
phospholipid-dependent PK-C but do nct exclude the possi- 
bility that a more complex enzyme cascade has been effected 
to achieve phosphorylation of p68 by an enzyme regulated by 
PK-C. It is clear, however, that p68 is not being phosphoryl- 
ated by a tyrosine kinase. It is interesting to speculate on the 
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role of p68; a molecule of this size is known to be associated 
with the Na*-H* anion exchanger in red cell membranes, 
and a similar molecule has been described in lymphocytes.** 
In view of the role IL 3 appears to have in maintaining the 
ATP level of FDC-P1 IL 3-dependent cells * and the linkage 
of ATP generation with the Na*-H* anion exchanger, we 
suggest the possibility that p68 may be either a regulatory 
subunit associated with the cytosolic domain of an anion 
exchanger or, alternatively, a component of a phosphoryla- 
tion cascade associated with the regulation of the Na*-H* 
antiporter. However, other candidates for the p68 substrate 
exist, as suggested by the findings of a similar nuclear lamina 
phosphoprotein that appears to play a critical role in CHO 
cell proliferation and has a mol wt of around 68,000 
daltons," whereas in neural cells, a 70,000-dalton phospho- 
protein has been identified, which is associated with the K * 
channel thought to be closely associated with depolarization 
of the cell membrane.“ 

We have demonstrated that PK-C is involved in the 
transduction of the signal delivered to cells by IL 3, by the 
identification of common phosphosubstrates. However, IL 3 
induced specific changes in the phosphorylation pattern that 
activators of PK-C did not mimic. Most noticeable and 
reproducible of these changes was the dephosphorylation 
event seen in the 1 10,000-dalton range. Whether this dephos- 
phorylation is due to a protein phosphatase associated with 
ligand signal transduction or simply reflects changes in 
molecule solubility after ligand-receptor interaction is under 
investigation. The finding that additional changes in protein 
phosphorylation occur with IL 3 stimulation obviously sup- 
ports the notion that PK-C activation is part of a coordinated 
signal transduction process that may be evoked by the 
physiological ligand. Clearly, a role for calcium has been 
suggested as an additional modulating signal on hormone- 
receptor interactions. 

In conclusion, the data demonstrate that the interaction of 
IL 3 with its receptor induces the rapid transient transloca- 
tion’ and activation of PK-C, which results in the reproduc- 
ible phosphorylation of unique substrates also phosphory- 
lated by direct activators of PK-C. IL 3 induced additional 
changes that were not observed when cells were treated with 
direct activators of PK-C, such as phorbol esters, suggesting 
that additional phosphoregulatory elements may be involved 
in the physiological signal transduction system. 


REFERENCES 


l. Stanley ER, Heard PM: Factors regulating macrophage pro- 
duction and growth. Purification and some properties of the colony- 
stimulating factor from medium conditioned by mouse L -cells. J Biol 
Chem 252:4305, 1977 

2. Clark-Lewis I, Schrader JW: Biochemical characterization of 
regulatory factors derived from T cell hybridomas and spleen cells. I. 
Separation of T cell-growth factor and T cell-replacing factor from 
granulocyte-macrophage colony-stimulating factor. J Immunol 
128:168, 1982 

3. Iscove NN, Roitsch CA, Williams N, Guilbert LJ: Molecules 
stimulating early red cell, granulocyte, macrophage and megakaryo- 
cyte precursors in culture: Similarity in size hydrophobicity and 
charge. J Cell Physiol Suppl 1:65, 1982 

4. Horiuchi M, Ichikawa Y: Control of macrophage and granulo- 


cyte colony formation by two different factors. Exp Cell Res 110:79, 
1977 

5. Burgess AW, Camakaris J, Metcalf D: The purification and 
properties of colony stimulating factor from mouse lung-conditioned 
medium. J Biol Chem 252:1988, 1977 

6. Clark-Lewis I, Schrader JW, We Y-Y, Harris AW: A B 
lymphoma cell line produces growth factors for haemopoietic, lym- 
phoid and mast cells. Cell Immuno! 69:196, 1982 

7. Taniguchi T, Matsui H, Jujita T, Takaoka C, Kashima N, 
Yoshimoto R, Manuro J: Structure and expression of a cloned 
cDNA for human interleukin 2. Nature 302:305, 1983 

8. Fung MC, Hapel AJ, Yamer S, Cohen DR, Johnson RM, 
Campbell HD, Young IG: Molecular cloning of cDNA for murine 
interleukin 3. Nature 307:233, 1984 


IL3 SIGNAL TRANSDUCTION 


9. Yokota T, Lee F, Rennick D, Hall C, Arai N, Mosmann T, 
Nabel G, Canter H, Ari K: Isolation and characterization of a mouse 
cDNA clone that expresses most cell growth factor activity in 
monkey cells. Proc Natl Acad Sci USA 81.1070, 1984 

10 Lee F, Yokota T, Otsnka T, Gemmell L, Larson N, Luh J, 
Arai K, Rennick D: Isolation of cDNA for a human granulocyte 
macrophage colony stimulating factor by functional expression in 
mammalian cells. Proc Nat] Acad Sci USA 82-4360, 1985 

11 Dexter TM: Blood cell development. The message in the 
medium. Nature 309 746, 1984 

12. Clark-Lewis 1, Schrader JW: P cell-stimulating factor. Bio- 
chemical characterization of a new T cell-derived factor. J Immunol 
127:1941, 1981 

13. Yung Y-P, Eger R, Tertian G, Moore MAS: Long-term in 
vitro culture of murine mast cells II. Purification of mast cell growth 
factor and its dissociation from TCGF. J Immunol 127:794, 1981 

14. Burgess AW, Metcalf D, Russell SHM, Nicola NA: Granu- 
locyte-macrophage, megakaryocyte, eosinophil- and erythroid-col- 
ony stimulating factors produced by mouse spleen cells. Biochem J 
185:301, 1980 

15 Schrader JW, Lewis SJ, Clark-Lewis I, Culvenor JG The 
persisting (P) cell histamine content regulation by a T cell derived 
factor, origin from a bone marrow precursor and relationship to mast 
cells. Proc Natl Acad Sci USA 78.323, 1981 

16. Schrader MH, Iscove NN Haematoporetic growth factors 
are released in cultures of H-2 restricted helper T cells, accessory 
cells and specific antigens Nature 287:228, 1980 

17. Nicola NA, Vadas M: Haemapoietic colony stimulating 
factors Immunol Today 5 76, 1984 

18 Sherwood JB, Goldwasser E: A sensitive radioimmunoassay 
for erythropoietin Blood 54:885, 1979 

19 Burgess AW: Hematopoietic growth factors, in Ford RJ, 
Maizel CA (eds). Mediators in Cell Growth and Diffentiation. New 
York, Raven, 1985, p 159 

20. Cohen P: The role of protein phosphorylation in normal and 
hormonal control of cellular activity Nature 296.613, 1982 

21. Rosen OM, Krebs EG (eds): Protein Phosphorylation. Cold 
Spring Harbor Conference on Cell Proliferation Cold Spring Har- 
bor, NY, Cold Spring Harbor Laboratory, vol 8, 1981 

22. Manalan AS, Klee CB: Calmodulin, ın Greengard P, Robin- 
son GA (eds): Advances in Cyclic Nucleotide and Protein Phosphor- 
ylation Research New York, Raven, 1984, p 227 

23. Embi N, Parker PJ, Cohen P. The protein phosphatases 
involved in cellular regulation Eur J Biochem 115:405, 1981 

24. Hunter T, Sefton BM Protein kinase and viral transforma- 
tion, in Cohen PS, Van Heyningen S (eds). The Molecular Actions 
of Toxins and Viruses. Amsterdam, Elsevier/North Holland, 1982, 
p 333 

25. Buhrow SA, Cohen S, Staros JV. Affinity labeling of the 
protein kinase associated with the epidermal growth factor receptor 
1n membrane vesicles from A431 cells. J Biol Chem 257:4019, 1982 

26. Ek B, Westermark B, Wasterson A, Heldin CH: Stimulation 
of trypsin-specific phosphorylation by platelet-derived growth fac- 
tor Nature 295:419, 1982 

27. Castagna M, Takai Y, Kaibuchi K, Sano K, Kikkawa U, 
Nishizuka Y: Direct activation of calcium activated, phospholipid 
dependent, protein kinase by tumor-promoting phorbol esters J Biol 
Chem 257.7987, 1982 

28 Sugimoto Y, Whitman M, Cantle LC, Erikson LR Evidence 
that the Rous sarcoma virus transforming gene product phosphoryl- 
ates phosphatidylinositide and diacylglycerol. Proc Natl Acad Sci 
USA 81.2117, 1984 

29. Macara IG, Marinetti GV, Balduzzi PC: Transforming pro- 
tein of avian sarcoma virus UR2 is associated with phosphatidylino- 


913 


sitol kinase activity. Possible role in tumorigenesis. Proc Natl Acad 
Sci USA 81:2728, 1984 

30. Berridge MJ, Irvine RF: Inositol triphosphate, a novel second 
messenger in cellular signal transduction. Nature 312:315,1984 

31. Kraft AS, Anderson WB, Cooper HL, Sando JJ: Decrease in 
cytosolic calcium/phospholipid-dependent protein kinase activity 
following phorbol ester treatment of EL 4 thymoma cells. J Biol 
Chem 257-193, 1982 

32. Sando J, Young MC. Identification of high-affinity phorbol 
ester receptor ın cytoxol of EL4 thymoam cells: Requirement for 
calcium, magnesium, and phospholipids. Proc Natl Acad Sci USA 
80.2642, 1983 

33 Kraft AS, Anderson WB: Phorbol esters increase the amount 
of Ca* phospholipid-dependent protein kinase associated with 
plasma membrane. Nature 301-621, 1983 

34. Farrar WL, Thomas TP, Anderson WB: Altered cytosol/ 
membrane enzyme redistribution on interleukin 3 activation of 
protein kinase C Nature 315:235, 1985 

35. Dexter TM, Garland J, Scott D, Scolnick E, Metcalf D: 
Growth of factor-dependent hemopoietic precursor cell lines J Exp 
Med 152.1036, 1980 

36 Kaibuchi K, Taka: Y, Sawamura M, Hoshyima M, Fujikua 
M, Nishizuka Y. Synergistic functions of proteins phosphorylation 
and calcium mobilization in platelet activation J Bio Chem 
258:6701, 1983 

37. Dicker P, Rozengurt E. Phorbol esters and vasopressin stimu- 
late DNA synthesis by a common mechanism. Nature 287.607, 
1980 

38. Dicker P, Rozengurt E Stimulation of DNA synthesis by 
transient exposure of cell cultures to TPA or polypeptide mitogen. 
Induction of competence or incomplete removal? J Cell Physiol 
109.99, 1981 

39. Nishizuka Y: The role of protein kinase C in cell surface 
signal transduction and tumor promotion. Nature 308:693, 1984 

40 Anderson WB, Salmon D Calcium phospholipid and cellular 
proliferation, in Kud JF (ed): Phospholipids and Cellular Regula- 
tion Boca Raton, Fla, CRC Press, 1985, p 287 

4]. Evans SW, Farrar WL: Identity of common phosphoprotein 
substrates stimulated by interleukin 2 and diacylglycerol suggest a 
role of protein kinase C for IL 2 signal transduction. (submitted for 
publication) 

42. Farrar WL, Cleveland JL, Beckner SK, Bonvini E, Evans 
SW: Biochemical and molecular events associated with interleukin 2 
regulation of lymphocyte proliferation, in Moller G (ed). Immuno- 
logical Reviews Transplantation Reviews, vol 92. Copenhagen, 
Munksgaard, July 1986 

43. Farrar WL, Evans SW, Ruscetti FW, Bonvini E, Young HW, 
Birchenall-Sparks MC: Biochemical mechanism(s) of interleukin 2 
regulation of lymphocyte growth, in Oppenheim JJ, Jacobs DM 
(eds): Leukocytes and Host Defense. New York, AlanR. Liss, 1986, 
p75 

44. Ishi T, Sugamura K, Nakamura M, Hinuma Y: Interleukin 
2 (IL 2) rapidly induces phosphorylation of a cellular protein, p 67, 
in an IL 2 dependent murine cell line Biochem Biophys Res 
Commun 135 487, 1986 

45 Owens RJ, Crumpton MJ. Isolation and characterization ofa 
novel 68,000 Ca** binding protein of lymphocytes plasma mem- 
brane. Biochem J 219:309, 1984 

46. Wheton AD, Dexter TM: Effects of haematopoietic cell 
growth factor in intracellular ATP levels. Nature 303:629, 1983 

47. Gerace L, Blobel G: The nuclear envelope lamina is reversibly 
depolymerized during mitosis. Cell 19.277, 1980 

48. Lomas JR, Novak-Hoper I, Leritan IB: Phosphoproteins 
associated with the regulation of a specific potassium channel in the 
identified aplysia neuron RIS. J Biol Chem 260:3207, 1985 


Variant Chronic Granulomatous Disease: Modulation 
of the Neutrophil Defect by Severe Infection 


By Peter E. Newburger, F. William Luscinskas, Thomas Ryan, Clair J. Beard, 
Jonathan Wright, Orah S. Platt, Elizabeth R. Simons, and Alfred |. Tauber 


The present studies document the cellular and biochemical 
processes involved in granulocyte O,” production in three 
patients from two kindreds with variant chronic granulo- 
matous disease (CGD). Rates of 0,” production were 996 to 
30% of normal, depending on the individual tested and the 
stimulus; the two brothers from one family responded to 
each stimulus with rates very similar to each other. Kinetic 
analysis of NADPH-dependent O,” production in subcellu- 
lar fractions revealed all three to have NADPH oxidases 
with both diminished substrate affinity for NADPH (high 
Ka”) and decreased maximal velocities of O,” production. 
Their granulocytes had normal lag times for activation of 
the respiratory burst but abnormal rates of stimulus- 
induced membrane depolarization. Cytochrome b was not 


( GRANULOMATOUS disease (CGD) is a 
hereditary disorder characterized by recurrent pyo- 
genic infections that may lead to death in childhood.'? 
Phagocytes from these patients fail to kill ingested microor- 
ganisms because of an inability to produce superoxide (0:7) 
and related toxic oxygen metabolites.*4 In normal phago- 
cytes, a variety of particulate and soluble stimuli induces a 
rapid depolarization of the plasma membrane accompanied 
or followed by activation of a membrane-bound NADPH 
oxidase that reduces molecular oxygen to O,~.45 Phagocytes 
from most CGD patients show neither membrane depoları- 
zation nor NADPH oxidase activity*? and hence produce no 
detectable O;7? CGD is inherited in X-linked or, more 
rarely, autosomal recessive forms!^: in the former, but not the 
latter, phagocytes lack cytochrome b 54, a low midpoint 
potential cytochrome associated with NADPH oxidase.!!-!3 
Alternatively, a flavoprotein component may be absent. 4 

In addition to these classic forms of CGD, several variants 
have been reported, all with decreased but detectable neutro- 
phil O,~ production.^"? Most of these patients presented 
later in life with milder clinical disease than classic CGD 
patients. Their neutrophils showed normal!?!5 or only moder- 
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found in granulocytes or subcellular fractions despite the 
use of a spectrophotometric assay sensitive enough to 
detect the cytochrome if its content were proportional to 
the residual rate of O,~ ganeration. A striking finding in one 
patient from each kindred was a threefold to tenfold 
decrease in the rate of O, production accompanying 
serious infection. The residual O, -generating activity of 
CGD variants helps to explain their relative freedom from 
the recurrent infections of the classic disease. However, 
the marked decrease described in the present study indi- 
cates the potential for a vicious cycle in which an infection, 
once established, leads zo increasing impairment of host 
defense. 

© 1986 by Grune & Stratton, Inc. 


ately decreased" membrane depolarization responses and 
altered NADPH oxidase kinetics consisting of an elevated 
Michaelis constant (K$, reflecting decreased affinity for 
NADPH) with! or without!^!^* a decreased maximum 
velocity (Vmax). In two of the X-linked cases'?!5 cytochrome 
b. 345 was undetectable, but in one X-linked case!’ and in the 
autosomal recessive case," the cytochrome content was 
normal. 

The present study describes two additional kindreds with 
variant CGD. Both are X-linked, with absent cytochrome 
b. 4; and near-normal membrane depolarization responses. 
Two affected patients showed striking, but reversible, 
decreases in O,” generation, a maladaptive response not 
previously documented in variant CGD. Neutrophils from 
two affected, but asymptomatic, siblings in the larger kin- 
dred were very similar im their rates of O, and H,O, 
production, depolarization responses, and NADPH oxidase 
kinetics. 

The findings in these patients also raise fundamental 
questions about the process of O,~ generation in normal 
granulocytes. Their ability to produce some O,” despite an 
absence of detectable cytochrome b deviates from the direct 
relationship between cytochrome content and O;- release 
reported in classic CGD patients and carriers. Furthermore, 
the defect in membrane potential change in these patients is 
mild compared with that of respiratory burst activity. These 
deviations from the relationships previously observed 
between cytochrome b, membrane depolarization, and O0, 
generation may require changes in the inferences drawn 
from classic CGD studies regarding the mechanisms of 
normal respiratory burst function. 


CASE REPORTS 


Family J. The propositus, Ra.J., presented in 1984 at age 15 
with respiratory failure resulting from severe Aspergillus pneumo- 
nia, probably related to environmental exposure to bark mulch 
during a summer job on a gardening crew (Fig 1, left panel) He 
recovered completely after a nearly 2-month hospitalization, with 
treatment mcluding mechanical ventilation, tracheostomy, ampho- 
tericin B, and additional antibiotics (ampicillin and tobramycin) for 
nosocomial infections with Pseudomonas aeruginosa and Strepto- 
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Fig 1. Pedigrees of families J. and Q. Disease status was 
determined by nitroblue tetrazolium slide testing as described in 
Materials and Methods. 


coccus faecalis. His past medical history was unremarkable, with no 
serious or unusual infections Evaluation of other available family 
members by nitroblue tetrazolium slide tests revealed CGD in one 
brother (Re J.), still entirely asymptomatic at age 9. The mother and 
one sister proved to be carriers, with slide tests showing mixed 
populations of normal and deficient cells, the latter identical in 
appearance to those of the affected brothers (see Results). 

Family Q. RQ was found to have CGD when his granulocytes 
were tested for nitroblue tetrazolium reduction shortly after his birth 
in 1977 (Fig 1, right panel). His brother, previously reported by 
Orson and Greco,” had died at the age of 2 months of a disseminated 
Torulopsis species infection, with the diagnosis of CGD performed 
by nitroblue tetrazolium reduction testing during the terminal 
illness. R Q. had been hospitalized twice for perirectal abscesses 
(first developed at the age of 18 months) and twice for pneumonia. 
All infections have responded to prolonged treatment with broad- 
spectrum antibiotics, including combinations of semisynthetic peni- 
cillins (primarily nafcilin and dicloxacillin), aminoglycosides, and 
trimethoprim/sulfamethoxazole. 


MATERIALS AND METHODS 


Phorbol myristate acetate (PMA) was purchased from Consoli- 
dated Midland Corp, Brewster, NY; Ficoll 400, dextran 500, and 
Percoll from Pharmacia Fine Chemicals, Piscataway, NJ; sodium 
Hypaque, 50%, from Sterling Winthrop, New York; arachidonic 
acid from Nu-Check Prep, Elysian, Minn; rabbit antibovine serum 
albumin from Cappel Laboratories, West Chester, Pa; quin-2 ace- 
toxymethyl ester, from Calbiochem-Behring Corp, Los Angeles, and 
3,3'-dipropylthiodicarbocyanine [di-S-C,(5)], from Molecular 
Probes, Junction City, Ore. All other materials were obtained from 
Sigma Chemical Co, St Louis. All reagents were obtained in the 
purest form available and used without further purification unless 
otherwise indicated. 

Peripheral venous blood in citrate anticoagulant was obtained 
from CGD patients and from normal volunteer donors and the 
neutrophils 1solated by dextran sedimentation and Ficoll-Hypaque 
centrifugation ?! Procedures and consent forms were approved by the 
University of Massachusetts Medical Center and The Children's 
Hospital (Boston) Committees on the Protection of Human Subjects 
in Research 

Superoxide production from pooled cells was measured by a 
previously described? continuous spectrophotometric assay of 
superoxide dismutase-inhibitable cytochrome c reduction Stimuli 
were PMA (1 ug/mL), arachidonic acid (0.082 mol/L, prepared as 
in reference 24), and antigen-antibody complexes (prepared from 
bovine serum albumin and rabbit antibovine serum albumin as 
described by Ward and Zvaifler? and used at a saturating dose of 
240 ug/mL) Single-cell analysis for PMA-stimulated mtroblue 
tetrazolium reduction was performed by nitroblue tetrazolium slide 
tests as previously described? using either purified neutrophil sus- 
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pensions or whole-blood clots as cell sources, with equivalent 
results. 

H,O, production was assayed by a modification? of the ferrithio- 
cyanate method of Thurman et al ?* 

The membrane potential change in response to PMA and antigen- 
antibody complexes (concentrations and preparation as described for 
the O;" assay) was measured as the change in emission fluorescence 
of the dye di-S-C;? as previously described.* The initial linear rate of 
change (AF/min) and the extent of depolarization (AF) of the 
experimental subject's cells (a measure of the rate of depolarization) 
were compared with those of a concurrent normal control The data 
are expressed as a percentage of normal for the rate of change; 
virtually identical results were obtained for the extent of depolariza- 
tion as well, but the data are not presented because of the possible 
artifact introduced by the differing rates of probe oxidation by the 
CGD and normal cells.’ 

NADPH oxidase activity was measured as NADPH-dependent 
superoxide dismutase-inhibitable cytochrome c reduction at 28 °C 
in particulate fractions from PMA-stimulated neutrophils??? The 
NADPH concentration was varied from 0.01 to 4 mmol/L and the 
data analyzed by the method of Lineweaver and Burk ” 

Cell disruption by nitrogen cavitation and fractionation on discon- 
tinuous Percoll gradients was performed as previously described 2? 
The resultant three visible bands (o, 8, and y) were separately 
aspirated, the Percoll removed, and the band contents assayed for 
cytochrome b, flavoprotein, myeloperoxidase, and vitamin B,.— 
binding protein by previously reported methods ??6 Cytochrome b 
content was also measured 1n whole cells by dithionite difference 
spectroscopy of cell suspensions 1n phosphate-buffered saline with 
0.2% Triton X-100 ?* 

Intracellular calcium flux was assessed with quin-2 fluorescence 
by a modification of the method of Lew et al.” Normal and patient 
cells (4 x 10") were preincubated in 1 mL of NaCl, 150 mmol/L; 
KCI, 5 mmol/L; HEPES, 10 mmol/L; CaCl, 1.3 mmol/L; and 
MgCl, 1 3 mmol/L (ph 7 4) contaimng 50 umol/L quin-2 acetoxy- 
methyl ester for 60 minutes at 37 °C. Cells were then washed and 
resuspended at 5 x 10°/mL in the same buffer containing Ca** (1 
mmol/L) or in calcium-free buffer with 1 mmol/L EDTA. The 
neutrophils were preincubated ın a thermostatted Perkin-Elmer 
Model 650-10S fluorometer (Perkin-Elmer Corp, Norwalk, Conn) 
at 37 °C for two minutes and then stimulated from either formyl- 
methionylleucylphenylalanine (1077 mmol/L), PMA (150 ng/mL), 
or arachidonic acid (100 umol/L) and compared with untreated 
control cells. The time course of fluorescence change was measured 
in arbitrary fluroescence units at an excitation wavelength of 339 nm 
and an emission of 429 nm. 


RESULTS 


The respiratory burst activities of the variant CGD 
patients are presented in Table 1. The brothers Re.J. and 
Ra.J. produced similar amounts of O,~ and H,O, in response 
to a variety of stimuli acting at different stages of the 
activation process. Their cells’ activity varied from 9% to 
30% of normal, depending upon the stimulus. R.Q. produced 
O7 at a very low rate, 0.5% that of normal controls and well 
below that of other reported variant CGD patients. Neither 
patient nor control granulocytes produced any detectable 
superoxide at rest (data not shown). 

During severe fungal or bacterial infection (Aspergillus 
pneumonia in Ra.J. and perirectal abscess in R.Q.), activity 
fell dramatically. In Ra.J., granulocytes collected during 
illness showed 10% to 36% the O, -generating rate and 20% 
the H;O,-generating rate of those collected after recovery. 
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Table 1. Respiratory Burst Function by Variant CGD Granulocytes 








Function Stimulus Re.J. 
0,” production 
Rate (nmol/min/ 10° cells) PMA 0.79 
Arachidonate 117 
Ag/Ab 038 
Lag time (s) PMA 69 
H20, production 
Rate (nmol/min/ 10° cells) PMA 1.61 





Abbreviations: ND, not determined; Ag/Ab, antigen-antibody complexes. 


* Measurements performed during severe infection (see Case Reports). 


Ra J Ra.J * RaQ. RQ.* Normal 
0.74 0.27 0.28 046 8.19 + 0.21 
1.03 <0.1 0.22 ND 4.94 + 0.87 
0.75 075 ND ND 3.34 + 0.86 
74 155 67 144 7O+4 
1.43 0 28 ND ND 6.35 + 035 


Data for the patients represent the means of three to six experiments, with ranges less than 20% of the means, and data for normal controls represent 
the mean + SD of ten experiments (O; ) and five experiments (H,O,) Unpaired t tests showed P < 01 for comparisons to normal values for all patient 


0,” and H,0, rates and for Ra.J.* and R.Q * lag times. 


R.Q.’s granulocytes fell to undetectable levels of O;^ produc- 
tion during bacterial infection (perirectal abscess). Nitro- 
blue tetrazolium slide tests, performed at the same time as 
the pooled cell O,7 measurements, showed the respiratory 
burst response of the CGD cells to be homogeneously distrib- 
uted; that is, each cell contained a few grains of formazan 
rather than the heavy deposits seen in normal neutrophils. 
When the total O,~ production was diminished during 
infection, the homogeneous pattern persisted, indicating a 
decreased response in all cells rather than a fall in the 
proportion of responding cells. 

The lag time, a measure of the time required for activation 
of NADPH oxidase following stimulation,” was normal 
(58 to 72 seconds) in PMA-stimulated granulocytes from all 
three variant CGD patients but lengthened to twice normal 
during periods of infection. 

Peripheral blood white cell counts (WBC) and differential 
counts on Ra.J. during infection and in health showed, 
respectively, 17 to 29,000 WBC/uL with 75% to 90% 
polymorphonuclear and 5% to 7% band forms and 8 to 
13,000 WBC/uL with 50% to 65% polymorphonuclear and 
no band forms. WBC and differential counts on R.Q. during 
infection and in health showed, respectively, WBC 15 to 
25,000 WBC/uL with 55% to 62% polymorphonuclear and 
0% to 2% band forms and 8 to 16,000 WBC/yL with 27% to 
46% polymorphonuclear and 0% to 2% band forms. 

Assays of O;^ production by normal granulocytes were 
also performed in the presence of 10% patient's serum or of 
patient's granulocytes in a 1:1 ratio to normal cells. At times 
of infection, when Ra.J and R.Q. showed decreased respira- 
tory burst activity, neither their serum nor their cells affected 
the rate or lag time for O,~ by normal cells. Measurements of 
O~ production and membrane potential change performed 
on granulocytes from Ra.J. and Re.J. during chicken pox 
infection showed no change from those obtained when they 
were healthy. 

The membrane depolarization response, one of the earliest 
events in activation? is presented in Table 2. The rate of 
change in membrane potential in response to PMA was 
diminished in all three CGD patients' granulocytes and fell 
further during infection in Ra.J. The responses to antigen- 
antibody complexes were normal in the J. brothers when well 
but dropped dramatically during infection. R.Q.’s granulo- 


cytes showed a diminished response even when he was 
healthy. All patients’ granulocytes showed normal resting 
membrane potentials prior to stimulation, indicating that 
they had not been previously activated. 

The rise in intracellular calcium, another early component 
of granulocyte activation," was normal in Ra.J.’s cells 
stimulated with formylmethionylleucylphenylalanine, PMA, 
or arachidonate at the time of infection (data not shown) 
when O,” production and membrane depolarization were 
decreased. The assay was calibrated only for the change in 
calcium concentration, not its absolute value, so the resting 
calcium level could not be determined. 

To further define the defect in cellular O5" production, we 
examined the kinetics of NADPH-dependent O,” generation 
in a particulate fraction prepared from granulocytes by 
sonication and differential centrifugation. As shown in Table 
3, all three variant CGD patients had NADPH oxidase with 
both altered substrate affinity (high K??) and decreased 
maximal velocity. Enzyme preparations from Ra.J.'s granu- 
locytes during health and illness showed no appreciable 
difference, in contrast to the major changes in whole-cell O7 
generation (Table 1). In mixing experiments, combinations 
of particulate fractions from Ra.J.’s and normal granulo- 
cytes showed no significant inhibition of the normal NADPH 
oxidase activity. 

Cytochrome b, a component of the NADPH oxidase that 
is measurable independently from its enzymatic activity, was 
undetectable in all three patients’ granulcotyes (Table 4). 
However, analysis of subcellular fractions of Ra.J.'s granulo- 
cytes showed a normal distribution of other markers includ- 
ing myeloperoxidase, predominantly in the a-band (primary 


Table 2. Rate of Membrane Depolarization by 
Variant CGD Granulocytes 


Stimulus Re.J Ra.J Ra.J* R.Q 
PMA 38 41 16 34 
Ag-Ab 91 113 4.6 22 


*Measurements performed during severe infection (see Case 
Reports). 

Data represent means of two experiments, each performed in dupli- 
cate or triplicate, with less than 2096 difference between experiments. 
Values are the percentages of concurrent normal controls. 
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Table 3. Michaelis Constant and Maximal Velocity of NADPH 
Oxidase from Variant CGD Granulocytes 


Re.J. Ra.J RaJ* RQ. Normal 


Michaelis constant (K*) 
(mmol/L) 0.77 144 
Maximal velocity (V nax) 
(nmol O;" /min/mg protein) 


1.08 840 0.074 


3.70 3.06 2.25 2.23 324 


*Measurements performed during acute infections (see Case 
Reports). 

Results represent the result of Lineweaver-Burk?! calculations per- 
formed on pooled data from three (patient) and eight (control) experi- 
ments. 


granule); and vitamin B,;-binding protein, in the 8-band. A 
flavin adenine dinucleotide—containing flavoprotein, another 
constituent of NADPH oxidase reported to be absent in some 
CGD patients’ granulocytes,!^? was present in normal quan- 
tity and subcellular distribution (Table 4) including the 
"y-fraction, the site of NADPH oxidase activity. 


DISCUSSION 


The present studies document the cellular and biochemical 
processes involved in granulocyte O,~ production in three 
patients from two kindreds with variant CGD. All three show 
decreased, but detectable, O,~ generation by abnormal 
NADPH oxidases that have both diminished substrate affin- 
ity for NADPH (high K???) and decreased maximal veloci- 
ties of O,~ production. Their granulocytes also have abnor- 
mal rates of stimulus-induced membrane depolarization and 
undetectable cytochrome b. 

A striking finding in two patients was the threefold to 
tenfold decrease in O;^ production accompanying serious 
infection in Ra.J. (Aspergillus pneumonia) and R.Q. (peri- 
rectal abscess). The prolongation of the lag time and 
decrease in the rate of membrane depolarization during 
infection along with the lack of change in the kinetics of 
activated NADPH oxidase suggest an acquired defect in cell 
activation rather than a direct effect on the O, -generating 
enzyme. Transient abnormalities in bactericidal activity 
have been reported in otherwise normal patients at times of 
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infection, but specific examination of respiratory burst func- 
tion has shown an increase in activity in most studies and a 
decrease in others (reviewed in reference 38). This variability 
may represent the end product of the opposing effects of 
neutrophil priming? v deactivation,” exhaustion,“ immatur- 
ity," and effects of antibiotics." Thus the change observed in 
variant CGD cells may represent an exaggeration of the 
normal granulocyte response to infection or a unique prob- 
lem related to the described total activation defect in classic 
CGD.*? The residual O,~-generating activity of CGD vari- 
ants helps to explain their relative freedom from the recur- 
rent infections of the classic disease. However, the marked 
decrease described in the present study indicates the poten- 
tial for a vicious cycle in which an infection, once established, 
leads to increasing impairment of host defense. 

The two brothers, Ra J. and Re.J., show very similar 
granulocyte O,~ production and NADPH oxidase kinetics. 
Thus, there is no evidence of variability in expression of the 
variant CGD genetic defect in this family, at least in times of 
health. In contrast, the patients described by Lew et al and 
by Styrt and Klempner,'® although second cousins, showed 
fivefold differences in PMA-stimulated O,” production and 
in the maximal velocity for particulate fraction NADPH 
oxidase activity. However, the assays were performed by 
different laboratories at different times. 

The absence of cytochrome b from the granulocytes of 
these patients with X-linked variant CGD is consistent with 
the genetic pattern observed in classic CGD” and in two 
previously reported variant cases!$ but not in a third apparent 
X-linked variant." If the cytochrome b content were propor- 
tional to the residual rate of O,~ production in CGD variants, 
it should have been detectable in the J. family. Its absence 
suggests the possibility of a cytochrome-independent alterna- 
tive pathway of O;5^ production in variant CGD granulo- 
cytes; the kinetic data indicate that the pathway might have 
less affinity for NADPH and lower reaction velocity than the 
normal oxidase. Alternatively, an amount of cytochrome b 
below the limit of detection may suffice for the O,~ produc- 
tion observed. In resting granulocytes, most of the cyto- 
chrome is found in the secondary granules and only 12% in 


Table 4. Cytochrome b Content of Granulocytes and Distribution of Markers in Subcellular Fractions 








Vitamin B4;— 
Cytochrome b Flavoprotein Myeloperoxidase Binding Protein 

Subject Fraction * (pmol/mg Protein) (pmol/mg Protein) (U/mg protein) (ng/mg Protein) 
Re.J. whole cells «10 
RO whole cells «10 
Normal whole cells 101 + 58 
Ra J. a <10 0 4.3 002 

B «10 82 27 180 

Y <10 60 0.4 0.59 

S, <10 12 0 003 
Normal a <10 0 79 0 12 

B 442 147 23 16.7 

Y 225 83 o 0.39 

S, <10 15 ie 0.29 





*Bands from discontinuous Percoll gradients as described in Materials and Methods and defined in reference 32 
Results for whole-cell cytochrome b represent data from four experiments (patients) and the mean + SD for four experiments (normal). Data for cell 
fractions are presented from one experiment, with results (except for the absence of cytochrome b in RaJ cells) similar to those previously reported from 


the same laboratory.??-3* 
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the plasma membrane. Possibly, only the latter, the 
minority, of the total cell content might be essential for O;^ 
respiratory burst activity. In contrast, these and some other 
CGD patients present a different problem for the theoretic 
connection between plasma membrane potential change and 
O,” production. In classic CGD granulocytes, there is no 
membrane potential response to phagocytic stimuli? 
whereas in the variant CGD granulocytes, the depolarization 
response is normal or, if decreased, not nearly in proportion 
to the defect in Oj^ generation. That 1s, the membrane 
depolarization and respiratory burst defects do not remain 


NEWBURGER ET AL 


proportional in CGD variants, providing an example of a 
dissociation between the two processes and indicating that 
normal depolarization is not sufficient to initiate a normal 
respiratory burst. Thus these cases, like other rare variants of 
unusual diseases, represent experiments of nature that can 
guide experiments in the laboratory to the elucidation of 
normal as well as pathologic physiology. 
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Ultrastructural Studies of the Interaction of Spectrin 
With Phosphatidylserine Liposomes 


By Amos M. Cohen, Shih-Chun Liu, Laura H. Derick, and Jiri Palek 


Spectrin was shown previously to interact with phospha- 
tidylserine and phosphatidylethanolamine, which are pre- 
ferentially localized in the inner half of the membrane lipid 
bilayer, but this interaction is not well characterized. In the 
present study we used electron microscopy of rotary- 
shadowed platinum replicas of spectrin dimer—phospha- 
tidylserine complexes to study the interaction of spectrin 
with phosphatidylserine vesicles. At a spectrin concentra- 
tion of 0.6 mg/mL, 60% of spectrin dimers were associated 
with phosphatidylserine vesicles and at a spectrin concen- 
tration of 1.2 mg/mL, some vesicles were crosslinked by 
spectrin dimers. The length of the protruding segment of 
spectrin dimer from the liposome edge ranged from 400 to 
960A° and the contact region to phosphatidylserine 
extended 272 + 144A° from either end of the molecule. 
Therefore, these data are consistent with multiple binding 
sites to phosphatidylserine throughout the spectrin dimer 
molecule. Spectrin tetramers, when bound to phospha- 


PECTRIN, the major protein of the erythrocyte mem- 

brane skeleton, is composed of two nonidentical sub- 
units (a chain, 240,000 daltons, and 8 chain, 220,000 
daltons) that are associated into double-stranded fiberlike 
flexible heterodimers about 1000°A in length.! Recently, 
amino acid sequencing studies suggested that spectrin is 
composed of multiple triple helical segments, with a 106 
amino acid repeating subsegment that seemed to extend 
throughout the length of both subunits.” Spectrin heterodim- 
ers (SpD) are assembled head to head into tetramers (SpT) 
and higher order oligomers (SpO).^ These species are 
interconnected in a continuous submembrane network by 
their interaction with oligomeric actin, an association that is 
modulated by protein 4.1.7? The submembrane spectrin- 
actin network 1s attached to the asymmetric lipid bilayer 
through ankyrin (band 2.1) and protein 4.1, which, in turn, 
interact with the transmembrane proteins, band 3 and glyco- 
phorins A and C.!'-? 

While the protein interactions involved in attachment of 
the skeleton to the membrane are relatively well character- 
ized, evidence for the interaction between spectrin and the 
lipids of the inner bilayer is mainly indirect. Spectrin has 
been shown to interact with aminophospholipids in studies 
employing lipid monolayers,'* phospholipid vesicles, and 
intact human erythrocytes (RBC). Treatment of RBC by 
sulfhydryl-oxidizing agents (diamide and tetrathionate) 
causes both phosphatidylserine (PS) and phosphatidyletha- 
nolanine (PE), which are located mainly in the inner half of 
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tidylserine liposomes, extended 1804 + 79A? from the 
liposome edge and crosslinked liposomes, suggesting that 
some of the binding sites to phosphatidylserine vesicles is 
in the proximity of the tail end of spectrin. The association 
between spectrin dimers to phosphatidylserine was dem- 
onstrated by nondenaturing gel electrophoresis. The com- 
plexes were separated inzo multiple bands with molecular 
weight of 1.4 x 10°, 1.8 x 10°, and 2.3 x 10*. These bands 
did not represent self-associated spectrin oligomers, since 
postincubation treatment with Triton-X-100 dissociated 
them into spectrin dimers. Furthermore, these spectrin 
high molecular weight bands, as visualized by Coomassie 
blue absorbance, closely corresponded to the “C-phospha- 
tidylserine distribution. These data provide ultrastructural 
and biochemical evidence that spectrin binds to phospha- 
tidylserine at multiple sites including the tail end region. 

o 1986 by Grune & Stratton, Inc. 


the lipid bilayer, to be hydrolyzed by extracellular phospho- 
lipase A,, suggesting a reorientation of the lipids to the outer 
half of the lipid bilayer.*'" Likewise, diamide increased the 
transbilayer reorientation rate of incorporated lysophospho- 
lipids '* However, heat denaturation of spectrin in RBC did 
not alter lysophosphatidylcholine translocation rate in the 
lipid bilayer.? Spectrin-deficient RBC of a mouse variant 
strain with spherocytosis were found to have partial redis- 
tribution of membrane phospholipids, as shown by substan- 
tial increase of PE in the outer lipid bilayer leaflet with a 
concomitant translocation of phosphatidylcholine (PC) from 
the outer to the inner bilayer leaflet.” Recently, studies of 
RBC phospholipid distribution in a patient with severe 
hereditary spherocytosis and decreased spectrin content also 
revealed redistribution of phospholipids as shown by signifi- 
cant increase in the content of outer lipid leaflet PS and PE 
and decrease in PC.” The fluorescent probe merocyanine 
540, which binds preferentially to lipid bilayers that are in a 
fluid state, was found to selectively stain erythrocyte mem- 
branes in several systems in which the underlying spectrin 
network was altered or missing, further suggesting that 
spectrin interacts with the membrane lipid bilayer.” Differ- 
ential scanning calorimetry studies of dimyristoyl-PS vesi- 
cles showed a decrease in enthalpy change of the lipid phase 
transition upon addition of spectrin-actin extract.? These 
vesicles collapsed and fused into multilamellar structures in 
the presence of spectrin-actin as demonstrated by freeze 
etching electron microscopy and *'P nuclear magnetic reso- 
nance. High spectrin penetration into a lipid monolayer, as 
recorded by a surface area increase, was observed with PS 
while PC, a predominant constituent of the outer lipid 
bilayer, showed only poor spectrin penetration. In addition, 
spectrin was shown to have a large number of binding sites 
for hydrocarbon chains as revealed by hydrophobic ligands 
that quenched intrinsic protein fluorescence. Recent stud- 
ies of anilinonaphtyl-labeled spectrin revealed that spectrin 
exhibits a spectrum characteristic of a highly hydrophobic 
environment and it binds PS vesicles at a ratio of one 
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tetramer to 750 exposed phospholipids with an affinity of 
about 3 x 10’ mol/L.!* 

In this communication, we provide direct ultrastructural 
and biochemical evidence that spectrin binds to PS liposomes 
at multiple sites including the tail end region. 


MATERIALS AND METHODS 


Materials. | *C-phosphatidylserine, 1,2-dioleoyl, 60 m Ci/mmol, 
was purchased from Amersham. Protosol, toluene, and Liquelfluor 
were obtained from New England Nuclear. Bovine brain phospha- 
tidylserine (PS) was purchased from Calbiochem, Avanti, and 
Pharmacia-PL Biochemicals and were 99% pure by TLC. All other 
chemicals were obtained from Sigma unless otherwise specified. 

Spectrin extraction. Freshly drawn blood was filtered through 
cellulose and washed to remove white cells. Ghosts were prepared 
from washed erythrocytes by hypotonic lysis by the method of Dodge 
et al. Ghosts in 3 mmol/L Na;PO, (pH 8.0) were treated with 0.5 
mmol/L diisopropyl fluorophosphate (DFP) at 0 °C for ten minutes 
to inactivate endogenous proteases. For low ionic strength extraction 
of spectrin, DFP-treated ghosts were washed with 0.1 mmol/L 
Na,PO, (pH 8.0) and immediately centrifuged to reduce the ionic 
strength of the medium and obtain a smaller pellet. Ghosts were then 
incubated at 37 °C for 30 minutes to obtain SpD-enriched extract 
(or at 0 °C for 16 hours for the study of SpT), with an equal volume 
of low ionic strength buffer containing 0.1 mmol/L Na;PO,, 0.1 
mmol/L EDTA, 0.1 mmol/L dithiothreitol (DTT), and 0.1 mmol/L 
Na N,, pH 8.0. After incubation, the supernatant containing the 
crude spectrin extract and ghosts were separated by centrifugation 
at 250,000 x g, 4°C, for 35 minutes. Crude spectrin extract was 
layered onto linear sucrose gradients (5% to 20% w/v) and centri- 
fuged at 200,000 x g for 16 hours at 4°C to obtain SpD or SpT 
fractions free of band 4.1. Protein concentration in collected frac- 
tions was determined by absorbance at 280 nm. To remove sucrose, 
the major peak fraction was dialyzed against 0.15 mol/L NaCl, 5 
mmol/L TES, | mmol/L DTT, 1 mmol/L EDTA, and 0.15 mmol/L 
NaN, (pH 7.1) for 18 hours. Spectrin purity was tested by 5.6% 
acrylamide SDS gel electrophoresis. Spectrin dimers and SpT purity 
were tested by 2.5% acrylamide, 0.3% agarose (without SDS) 
nondenaturing gel electrophoresis. 

Preparation of ''C-phosphatidylserine liposomes. Purified 
bovine brain phosphatidylserine (PS) was used for electron micro- 
scopic studies or was mixed (9:1) with "C-phosphatidylserine 1.2 
dioleoyl for electrophoretic studies and sonicated (Heat System 
Ultrasonics, Plainview, NY, model 185 F, 200 watt) for 30 minutes 
at 0 °C under N, to prevent oxidation. Under these conditions, small 
unilamellar vesicles are formed.” Metal debris and undispersed lipid 
were removed by centrifugation at 200,000 x g for 30 minutes at 
4 *C. PS concentration was determined by phosphate analysis by the 
method of Ames.” The liposomes were kept under N; atmosphere at 
0°C, and used within four hours after preparation to prevent 
oxidation and aggregation. 

Ultrastructural analysis of spectrin-PS complexes by low angle 
rotary shadowing. Spectrin dimers or spectrin tetramers (0.6 to 
1.2 mg/mL) were incubated with PS vesicles (0.3 mg/mL) in 5 
mmol/L TES (pH 7.1), 0.15 mol/L NaCl, | mmol/L EDTA, and 1 
mmol/L DTT at 0°C (a temperature at which spectrin dimer- 
tetramer transformation is kinetically "frozen") for 120 minutes. 
After incubation, aliquots were added directly to glycerol at 0 °C to 
yield a glycerol concentration of 60%. Samples of spectrin or 
spectrin-PS complexes were sprayed onto freshly cleaved mica, dried 
under vacuum, and shadowed on a rotating stage with platinum- 
carbon from an electron bombardment gun (Balzers BAF 400D) ata 
shadow angle of 6° as described.” Replicas were coated with a 
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support film of carbon, floated onto distilled water, mounted on 
400-mesh copper grids, and examined with a JEOL JEM 1008 
electron microscope at 60 kV. Samples of pure PS vesicles in 60% 
glycerol were sprayed onto freshly cleaved mica which was previ- 
ously prepared by immersion into boiling 0.156 Alician blue 8GX for 
two minutes, rinsed with distilled water, and air dried. to promote 
lipid vesicle adhesion to the mica.” The sprayed PS vesicles were 
dried and shadowed in the same way as pure spectrin or spectrin-PS 
complexes.” Pure PS vesicle replicas were floated off the mica onto 
5% sodium hypochloride, rinsed with distilled water, cleaned with 
chromic acid followed by distilled water rinses, and mounted on 
400-mesh copper grids and studied in the same way as pure spectrin 
or spectrin-PS complexes. Assessment of spectrin binding sites to PS 
vesicles was made by examination of SpD-PS and SpT-PS com- 
plexes at x 125,000 by 0.1 mm graduated X7 measuring magnifier 
(Bausch and Lomb). The distance between SpD or SpT end and PS 
vesicle edge was measured and subtracted from SpD or SpT native 
length (1000°A and 2000°A, respectively),! which yielded spectrin 
binding region length and an unbound segment of spectrin. 

Electrophoresis of spectrin-PS complexes. Quantitation of pro- 
tein-lipid binding by direct methods requires the separation of the 
unbound protein from the protein-lipid complexes. A previous 
method that employed sedimentation of dextran loaded vesicles to 
quantitate spectrin-lipid binding? was found in our hands to show 
low recovery of the SpD-PS complexes, due to leakiness of the PS 
vesicles (unpublished data). To evaluate SpD-PS binding we sub- 
jected SpD-PS mixture to nondenaturing gel electrophoresis to 
separate free SpD and SpD bound to PS. Purified SpD (0.1 mg/mL) 
was incubated with 1.0 mg/mL '*C-PS liposomes at isotonic condi- 
tions 5 mmol/L TES, pH 7.1, 0.15 mol/L NaCl, 0.1 mmol/L 
EDTA, 0.1 mmol/L DTT, and 0.15 mmol/L Na N; at 0 *C for 120 
minutes. To separate SpD-PS species by nondenaturing gel electro- 
phoresis, samples that contained 10 ug SpD were mixed with 
one-ninth volume of concentrated buffer to give a final solution of 40 
mmol/L Tris-HCl, pH 7.4, 20 mmol/L Na acetate, 2 mmol/L DTT, 
200 mmol/L sucrose, and 2 mmol/L EDTA, and electrophoresed in 
a 0.3% agarose to 2.5% acrylamide gels (without SDS) at 20 volts for 
22 hours as previously described." Triton-X-100, a nonionic deter- 
gent, was used to dissociate spectrin species from PS vesicles for 
evaluation of SpD self-association into SpT and SpO. Control 
SpD-PS mixture, SpD or SpO were further incubated with 0.1% 
Triton-X-100 for ten minutes at 0 °C and electrophoresed under the 
same conditions. For tracing spectrin, gels were stained with Coo- 
massie blue, frozen, and sliced into 1 mm sections. Each slice was 
then extracted by pyridine (25% v/v) and the absorbance at 605 nm 
was read for each slice. For counting "C-PS duplicate gels were 
frozen immediately and sliced into 1 mm sections. Each slice was 
then soaked in 5 mL scintillation fluid (toluene, Protosol, Liquel- 
fluor) and counted for C (Beckman, gamma 4000, Irvine, Calif) as 
described." 





RESULTS 


Ultrastructure of spectrin dimer-phosphatidylserine 
complexes. As shown on Fig 1A and 1B, the length 
(1000°A for dimer) and thickness (50 to 809A) of the SpD 
molecules are consistent with the published values.’ The 
diameter of the PS liposomes (less than 500°A) as measured 
by low angle rotary shadowing was consistent with measure- 
ments of the liposomes by negative staining (data not shown) 
and with published values for the sonicated small unilamellar 
vesicles." Spectrin dimer-PS complexes are shown in Fig 1A 
and 1B. In order to determine whether the SpD-PS com- 
plexes are genuine or artifact, we examined bv low angle 
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Fig 1. Electron micrography of low angle rotary shadowed 
platinum-carbon replicas of spectrin dimers and phosphatidylser- 
ine vesicles. (A) Spectrin dimer-phosphatidylserine (PS) com- 
plexes (low magnification). Spectrin dimers (1.2 mg/mL) were 
incubated with PS (0.3 mg/mL) in 5 mmol/L TES (pH 7.1), 0.15 
mol/L NaCl, 1 mmol/L EDTA, and 1 mmol/L DTT at O °C for two 
hours. The sample was diluted to 60 ug/mL spectrin in 6096 
glycerol and sprayed and shadowed as described in Methods 
(Bar = 1000A’). (B) Spectrin dimer-phosphatidylserine com- 
plexes (high magnification), spectrin dimers (SpD), and phosphati- 
dylserine (PS) vesicles (Bar = 1000A). 


rotary shadowing the ultrastructure of actin, ankyrin, albu- 
min, and protein 4.1, which were incubated with PS vesicles. 
The ultrastructure results showed that actin, ankyrin, and 
albumin did not associate with PS vesicles (data not shown), 
therefore suggesting that SpD-PS complexes are genuine. In 
contrast, protein 4.1 associated with PS vesicles, which is the 
subject of another communication (Cohen AM, Liu SC, 
Palek J, manuscript in preparation). At an SpD concentra- 
tion of 0.6 mg/mL, and a PS concentration of 0.3 mg/mL, 
68% (out of 318 SpD molecules counted) were bound to PS 
vesicles. This SpD concentration of 0.6 mg/mL was the 
highest at which no crosslinking of PS vesicles by SpD took 
place. The number of SpD molecules bound per PS vesicle 
was analyzed in 61 SpD-PS complexes and ranged between 1 
and 7 SpD molecules bound per PS liposome. As shown in 
Table 1, complexes of SpD-PS that contained 3 SpD were 
most prevalent (26%). However, quantitation of the number 
of SpD molecules bound per lipid vesicle provided only an 
approximate estimation because of a relatively limited num- 
ber of SpD-PS complexes available for quantitation, as well 
as a possible variation of adhesion SpD-PS complexes to the 
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Table 1. Number of Spectrin Dimers Bound per 
Phosphatidylserine Vesicles 








Number of Spectrin 
Dimer Molecules Percentage of 
Bound per a PS Vesicle Total Complexes 
1 6 
2 8 
3 26 
4 23 
5 20 
6 12 
7 5 





Spectrin dimers (0.6 mg/mL) were incubated with phosphatidylserine 
vesicles in isotonic conditions (pH 7.1) at O °C for 120 minutes. Electron 
micrographs of low angle shadowed platinum-carbon replicas of spectrin- 
PS complexes were studied for the number of spectrin dimer molecules 
bound per vesicle. 


mica surface and fragmentation of crosslinked complexes 
during sample spraying.” Most of the SpD molecules’ con- 
tact point to PS consisted of less than half of the SpD 
molecule length (Fig 2A to 2C). This observation enabled a 
crude estimation of the location of the spectrin binding sites 
for PS vesicles which was made by subtraction of the 
distance of the SpD that extended beyond the liposome edge 
from the native SpD length. Analysis of 63 SpD molecules 
bound to PS vesicles revealed the length range of the 
protruding segment of SpD from the liposome edge to be 400 
to 960A° (Fig 3). The contact region of SpD with PS 
liposomes was calculated to be 272 + 144A? (1 SD) from 





Fig 2. Electron micrographs of low angle rotary shadowed 
platinum-carbon replicas of spectrin dimer-phosphatidylserine 
(PS) complexes. Spectrin dimers (0.6 to 1.2 mg/mL) were incu- 
bated with PS vesicles (0.3 mg/mL) in 5 mmol/L TES (pH 7.1), 0.15 
mol/L NaCl, 1 mmol/L EDTA, and 1 mmol/L DTT at 0 °C for two 
hours. Samples were then diluted in glycerol and treated as in Fig 
1. (A) Two complexes of one spectrin dimer bound at one of its 
ends to PS vesicle. (B) A complex of 4 spectrin dimer molecules 
bound at one end to PS vesicle. (C) A complex of 5 spectrin dimer 
molecules bound to PS vesicle, (D,E) Two spectrin dimer-PS 
complexes crosslinked by one spectrin dimer molecule. The dis- 
tance between the 2 PS vesicles is 720A" and 520A", respec- 
tively. (F) Spectrin dimer-PS aggregate (Bar — 1000A"). 


SPECTRIN-PHOSPHATIDYLSERINE INTERACTIONS 


20 


16 


12 


Number of spectrin dimers 


«400 400 476 551 626 701 776 «s 926 À 
LJ nq dq 4 | 


475 550 625 700 775 850 925 1000 


Spectrin dimer length from PS vesicle 
edge to spectrin end. 


Fig 3. Histogram of spectrin dimer length from phosphatidyl- 
serine vesicle edge to spectrin end. Spectrin dimers (0.6 mg/mL) 
were incubated with phosphatidylserine vesicles (0.3 mg/mL) in 5 
mmol/L TES (pH 7.1), 0.15 mol/L NaCl, 1 mmol/L EDTA, and 1 
mmol/L DTT at 0 °C for two hours. Samples were then diluted in 
glycerol and treated as in Fig 1. The electron micrographs 
(x 125,000) of 63 spectrin dimer molecules extending from lipo- 
some edge were measured by a x 7 measuring magnifier. 


either end of the SpD molecule. These results appear to be 
considerably more variable than the site of spectrin-ankyrin 
interaction on 8 spectrin, which resides approximately 200°A 
from spectrin head end." Thus, these data are consistent 
with the presence of multiple binding sites to PS throughout 
the SpD molecule length. 

Crosslinking of phosphatidylserine vesicles by spectrin 
dimers. At spectrin concentration of 0.6 mg/mL, SpD 
decorated PS vesicles (Fig 2A to 2C) and at a concentration 
of 1.2 mg/mL, SpD produced considerable crosslinking of 
PS vesicles (Fig 2D, 2E). This suggests that both spectrin 
head and tail end regions bind to PS liposomes. Some 
SpD-PS complexes crosslinked by SpD had a distance of up 
to 720°A between bound vesicles (range 256 to 720°A) (Fig 
2D, 2E). Furthermore, SpD crosslinked PS vesicles into 
small aggregates (Fig 1B and 2F), indicating that SpD 
molecule has several binding sites to PS. 

Interaction of spectrin tetramers with phosphatidylser- 
ine. Electron micrographs of SpT-enriched preparations 
(with less than 10% SpD and SpO) and PS liposomes are 
shown in Fig 4A and 4B. The structure of SpT (2000°A 
length, 50 to 80A° thickness) was consistent with previously 
published values.' Spectrin tetramers were bound to PS 
vesicles mainly at one of their ends, constituting the SpD tail 
end (Fig 4C, Fig 5A to 5C). The average distance for 24 SpT 
molecules from liposome edge was 1804 + 79°A (range 1760 
to 1920°A), which suggested a binding site for PS located in 
a region within 196 + 79°A from the spectrin tail end. 
Spectrin tetramers crosslinked PS vesicles with a distance of 
up to 1400°A between two bound vesicles (range 760 to 
1400°A), which confirmed the involvement of several bind- 
ing sites of SpT to PS (Fig 5D, SE). In addition, incubation 
of SpT with PS vesicles leads to an extensive crosslinking of 
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Fig 4. Electron micrograph of low angle rotary shadowed 
platinum-carbon replicas of spectrin tetramers and phosphatidyl- 
serine (PS) vesicles. Spectrin tetramers (0.6 mg/mL) were incu- 
bated with PS vesicles (0.3 mg/mL) in 5 mmol/L TES (pH 7.1), 0.15 
NaCl, 1 mmol/L EDTA, and 1 mmol/L DTT at O °C for two hours. 
Samples were thón diluted in glycerol and treated as in Fig 1. (A) 
Spectrin tetramers. (B) Phosphatidylserine vesicles. (C) Spectrin 
tetramer-phosphatidylserine complexes. 


PS vesicles (Fig SF). Both SpT and SpD, at the same mass 
concentration (1 mg/mL), crosslinked PS vesicles by a 
similar amount. 

Separation of spectrin dimer-phosphatidylserine com- 
plexes by nondenaturing gel electrophoresis. |n order to 
quantitate SpD binding to PS vesicles, we employed nonde- 
naturing gel electrophoresis. We have previously used this 
method to separate the various size spectrin oligomers from 
membrane extracts.’ Originally we employed large multi- 
lamellar PS vesicles, but these vesicles barely entered the 
gels and decreased the mobility of unbound SpD, thus 
preventing valid quantitation of binding. Small unilamellar 
PS vesicles moved freely through the gel and concentrated 
behind the dye front region and therefore were selected to 
study SpD-PS association. Complexes of SpD with '*C-PS 
liposomes were separated by nondenaturing gel electrophore- 
sis into multiple high molecular weight bands (Fig 6A). A 
short postincubation treatment with Triton-X-100 disso- 
ciated these bands predominantly into SpD, which exhibited 
a slightly faster mobility than the control SpD. This change 
in mobility was not a consequence of degradation of the 
spectrin, as confirmed by SDS gel electrophoresis of the 
SpD-PS complexes, dissociated by Triton-X-100, which 
showed that spectrin mobility was unchanged. Furthermore, 
spectrin oligomers were not dissociated by 1% Triton-X-100, 
as documented by nondenaturing electrophoresis (data not 
shown) which is consistent with a previous report." Spectrin 
high molecular weight bands, as visualized by Coomassie 
blue absorbance, closely corresponded to the "C-PS distribu- 
tion (Fig 6B). Thus, these 1.4 x 105, 1.8 x 10°, 2.3 x 108, 
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and higher molecular weight bands that formed following 
SpD incubation with PS represent SpD-PS complexes as 
indicated by their complete disappearance upon treatment 
with Triton-X-100 and by the comigration of spectrin (Coo- 
massie blue) and '*C-PS in the gels. The spectrin to PS molar 
ratio varied throughout the high molecular bands region 
(0.8 x 107? to 6.5 x 107?) with a trend of higher molar 
ratios to coincide with the spectrin bands. This variability of 
the SpD to PS molar ratio probably reflected PS vesicles’ 
mass heterogenicity and prevented quantitation of SpD to PS 
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(PS) liposomes by non-denaturing gel electrophoresis. Spectrin 
dimers (10 ug) were incubated in 100 uL of 5 mmol/L TES (pH 7.1), 
0.15 mol/L NaCl, 0.1 mmol/L EDTA, and 0.1 mmol/L DTT at O °C 
for two hours with 100 ug ‘“C-phosphatidylserine liposomes, 
followed by electrophoresis for 22 hours in the absence of SDS, as 
described in Methods. Control samples with SpD-PS or pure SpD 
were incubated with 0.1% Triton-X-100 for an additional ten 
minutes (before electrophoresis). (A) Coomassie stained gels. Gel 
1, spectrin dimers: gel 2, spectrin dimers and PS liposomes; gel 3, 
spectrin dimers and PS vesicles treated with Triton-X-100; gel 4, 
spectrin dimers treated with Triton-X-100. (B) SpD-PS (gel 2) 
corresponding to extracted Coomassie blue stain (spectrin) and 
radioactivity (PS). 
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Fig 5. Electron micrograph of low angle rotary 
shadowed platinum-carbon replicas of spectrin 
tetramers and phosphatidylserine (PS) vesicles. Spec- 
trin tetramers (0.6 mg/mL) were incubated with PS 
vesicles (0.3 mg/mL) in 5 mmol/L TES (pH 7.1), 0.15 
NaCl, 1 mmol/L EDTA, and 1 mmol/L DTT at O °C for 
two hours. Samples were then diluted in glycerol and 
treated as in Fig 1. (A) A complex of one spectrin 
tetramer molecule bound at one end to PS vesicle. (B) 
A complex of two spectrin tetramer molecules bound 
at one end to PS vesicle. (C) A complex of three 
spectrin tetramer molecules and one spectrin dimer 
molecule bound to PS vesicle. (D,E) Two spectrin 
tetramer-PS complexes crosslinked by a spectrin 
tetramer molecule. The distance between the 2 PS 
vesicles is 1400A° and 1200A', respectively. (F) Spec- 
trin tetramer aggregate of 7 PS vesicles crosslinked 
into a quasi-two-dimensional structure. 


binding or estimation of the number of SpD molecules bound 
per PS vesicle. This pattern of high molecular band forma- 
tion of SpD-PS complexes by nondenaturing gel electropho- 
resis was remarkably reproducible when three different 
sources of purified PS were tested, thus making the possibil- 
ity of SpD interaction with a contaminant highly unlikely. 
We have also examined the SpD association with sphingo- 
myelin, PC, and PE. Sphingomyelin and PC, the major 
constituents of the outer lipid bilayer, did not associate to a 
significant degree with SpD. In contrast, SpD formed similar 
high molecular weight complexes with the inner lipid bilayer 
constituents PE and a mixture of PE/PS (3:2 molar ratio). 
Both of these data are in agreement with previously pub- 
lished data.'^?? 


DISCUSSION 


Previous reports of the interaction of spectrin with the 
membrane lipids are mainly confined to indirect evidence. 
These data were obtained through studies on the effect of 
spectrin on lipid vesicle phase transition,” lipid monolayer 
surface area," lipid bilayer rearrangement,'^'"?? and identi- 
fication of hydrophobic domains of this protein.^ In this 
report, we provide direct ultrastructural evidence that spec- 
trin interacts with PS vesicles. The ultrastructural results of 
spectrin-PS interaction suggest that the binding is relatively 
specific for spectrin, since under the same experimental 
conditions, actin, ankyrin, and albumin did not associate 
with PS vesicles. In contrast, protein 4.1 was found to 
associate with PS vesicles, which is the subject of another 
communication (Cohen AM, Liu SC, Palek J, manuscript in 
preparation). We find various regions of the spectrin mole- 
cule involved in SpD association with PS vesicles, as docu- 
mented by the considerable variability of the contact regions 
(272 + 144A? from either side of the spectrin molecule). In 
addition, at higher SpD concentration, SpD can crosslink PS 
vesicles, suggesting that both ends of the spectrin molecule 
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have binding sites for PS. Spectrin tetramers are shown to 
bind and crosslink PS vesicles. Thus, the result is consistent 
with the hypothesis that some of the PS binding sites are 
located at the distal end region of the spectrin molecule. The 
exact number of PS binding sites and their location on the 
spectrin molecule are presently not determined. 

In addition to the ultrastructural evidence, we documented 
the interaction by employing nondenaturing gel electropho- 
resis. Spectrin dimers incubated with ^C-PS vesicles were 
separated by nondenaturing gel electrophoresis into multiple 
high molecular bands. These spectrin high molecular weight 
bands, as visualized by Coomassie blue absorbance, closely 
corresponded to the C-PS distribution, suggesting that they 
are complexes of SpD-PS. These bands did not represent 
oligomeric forms of spectrin, as indicated by their complete 
solubilization by Triton-X-100. 

Spectrin is anchored to the membrane both at its head and 
tail ends by high affinity interactions with ankyrin and 
protein 4.1, respectively.*!! Based on the direct demonstra- 
tion of PS-spectrin interaction reported here, as well as 
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previously published, largely indirect data,4 19267?7* we 


speculate that additional low affinity interactions of spectrin 
and possibly other skeletal proteins? with lipids of the inner 
lipid bilayer might exist, thereby further stabilizing the lipid 
bilayer. Furthermore, the possible biological significance of 
such low affinity interactions between spectrin and PS is 
enhanced by the estimated high local concentration of spec- 
trin (230 mg/mL)***** close to the inner leaflet of the 
membrane lipid bilayer. The role of the spectrin-lipid inter- 
actions in the maintenance of lipid bilayer stability in certain 
hemolytic disorders, such as hereditary spherocytosis, which 
is characterized by membrane instability leading to a loss of 
membrane lipid,?* remains to be elucidated. 
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Platelet-Collagen Interaction: Inhibition by Ristocetin and Enhancement 
by von Willebrand Factor-Platelet Binding 


By Frank M. LaDuca, Richard E. Bettigole, William R Bell, and Elean B. Robson 


The contribution of von Willebrand factor (vWF)-platelet 
binding to platelet-collagen interaction was examined in 
vitro. The binding of vWF to platelets was mediated and 
regulated by ristocetin. Subthreshold concentrations of 
ristocetin (<1 mg/mL), insufficient to cause ristocetin- 
induced platelet aggregation (RIPA), were added to plate- 
let-rich plasma (PRP) prior to the addition of collagen. The 
collagen-induced platelet aggregation (CIPA) was modified 
by ristocetin and the degree of alteration was dependent 
on the ristocetin concentration. Response as a function of 
ristocetin concentration was designated the Collagen- 
Platelet Aggregation Response (Col-PAR). In normal PRP 
the Col-PAR was a progressive inhibition followed by 
decreasing inhibition and then an enhanced response. The 
enhanced response occurred over a narrow range of risto- 
cetin concentrations (0.8 to 1.0 mg/mL). In the absence of 
vWF (severe von Willebrand's disease, Type I, vWF <1%) 
the Col-PAR was a progressive, eventually complete inhibi- 
tion with no enhanced response (with ristocetin concentra- 
tions up to 3.0 mg/mL). With addition of vWF to this PRP 
an enhanced response was observed at a ristocetin con- 
centration inversely proportional to the vWF level. PRP 
from a patient with severe Hemophilia A showed a 


t sites of vascular injury platelets adhere to the collage- 
nous vascular subendothelium and subsequently aggre- 
gate forming a platelet plug, an integral component of 
hemostasis.! Normal platelet-subendothelial adherence re- 
quires von Willebrand factor (vWF), a subunit of the Factor 
VIII/vWF complex.?? In vitro platelet adherence to deendo- 
thelized vessels*? and platelet adhesion to collagen fibrils? 
are also vWF-dependent phenomena. 

vWF is also required for ristocetin-induced platelet aggre- 
gation (RIPA).? Ristocetin induces aggregation by binding 
to platelets? mediating the binding of plasma vWF'*"* to 
the platelet glycoprotein Ib (GPIb) receptor." The extent of 
vWF-platelet binding is dependent on the ristocetin concen- 
tration? requiring a threshold level for aggregation.'^"" 
Though no in vivo analogue of ristocetin has been demon- 
strated, evidence suggests a correlation between in vitro 
RIPA and in vivo platelet-subendothelial adhesion. In von 
Willebrand disease (vWD) both platelet functions are abnor- 
mal due to missing or nonfunctional plasma vWF Fur- 
thermore, in patients with Bernard Soulier Syndrome (BSS) 
the presence of normal vWF is insufficient to support either 
RIPA or platelet-subendothelial adhesion? due to a pri- 
mary platelet membrane defect which may involve an 
abnormal GPIb platelet receptor.” 

The previous studies of the role of vWF in platelet- 
collagen interaction? have not evaluated the role of vWF- 
platelet binding in this response. The abnormalities in vWD 
and BSS suggest that the contribution of this binding to 
platelet-collagen interaction is likely significant. 

This study utilizes ristocetin-mediated platelet-vWF bind- 
ing to evaluate the effect of subthreshold vWF-platelet 
binding on in vitro collagen-induced platelet aggregation At 
these subthreshold ristocetin concentrations the extent of 
vWF-platelet binding is proportional to the ristocetin con- 
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response within the normal range. Subthreshold ristocetin 
did not cause plasma protein precipitation or platelet 
release of *H-serotonin, nor induce micro platelet aggre- 
gate formation. Digestion of platelet membrane glycopro- 
teins (GP(s)) with chymotrypsin demonstrated that upon 
removal of GPI, RIPA was absent, CIPA retained and the 
Col-PAR was progressive inhibition, with no enhancement. 
With removal of GPs I, Il, and III, RIPA, CIPA, and the 
Col-PAR were absent. A dose-response '*I-vWF-platelet 
binding occurred with increasing ristocetin concentrations 
which was unchanged by the addition of collagen. These 
results demonstrated that ristocetin-platelet association 
inhibited CIPA, and vWF-platelet binding enhanced plate- 
let-collagen adhesion and platelet aggregation. The in 
vitro—enhanced CIPA represents a vWF-dependent aggre- 
gation of sufficient magnitude to overcome the inhibitory 
effect of ristocetin. These studies demonstrate an influen- 
tial interaction of ristocetin, vWF, and collagen with the 
platelet membrane and imply an important hemostatic 
contribution of vWF-platelet binding in platelet-collagen 
interaction. 

©1986 by Grune & Stratton, Inc. 


centration yet insufficient to induce aggregation. In these 
experiments the aggregation response to collagen was 
enhanced in the presence of increasing vWF-platelet binding 
and inhibited in the presence of ristocetin-platelet associa- 
tion. These results provide information on the functional in 
vitro interaction of ristocetin, vWF, and collagen at the 
platelet membrane surface. 


MATERIALS AND METHODS 


Reagents 


Ristocetin was purchased as a lyophilized powder containing 
greater than 90% Ristocetin A, remainder Ristocetin B (Bio Data 
Corp, Horsham, Pa). Reagent lots used in a given study are 
identified by manufacturer lot numbers. Stock solutions of 30 
mg/mL in 0.85% NaCl were stored at —30 °C, from which working 
solutions were prepared and kept on ice during the study period 
Soluble calf skin collagen (Type III; 78 mg/mL) (Worthington 
Division, Millipore Corp, Freehold, NJ) was prepared by sodium 
acetate extraction of fresh calf skin.”' The resulting collagen prepa- 
ration, which is soluble in salt solutions, was diluted in 0 9% NaCl 
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(concentration = 1,950 ug/mL) and stored at 4 °C for use within 1 
week Fibrilar collagen was kindly provided by Carolyn Floyd 
(George Washington University, Washington, DC). It was prepared 
from acid-soluble calf skin collagen (Type III, Signa Chemical Co, 
St. Louis, Mo) by extraction with 0.5 mol/L acetic acid at 4°C, 
precipitation with 4% NaCl and centrifugation, by the method 
described ?? The final salt-free monomeric collagen, containing no 
noncollagenous protein,? was lyophilized and stored in liquid nitro- 
gen 

Alpha-chymotrypsin (59 U/mg, 3 times recrystallized), soybean 
trypsin inhibitor (SBTI), phenylmethylsulfonyl flouride (PMSF), 
adenosine-5'-diphosphate, sodium salt (ADP), bovine serum albu- 
min (BSA), periodic acid, Schiff's reagent, and TRIS (hydroxy 
methyl-aminomethane) were from Sigma Chemical Co. Chymo- 
trypsin (25 to 1000 ug/mL), SBTI (10 mg/mL), and ADP (200 
umol/L) were dissolved in 0.9% NaCl and stored at —30 °C PMSF 
(100 mmol/L) was dissolved in 95% ethanol (stored at —30 °C). 
Acrylamide, bisacrylamide, TEMED, sodium dodecyl sulfate 
(SDS), and SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 
molecular weight standards were from Bio-Rad Labs (Rockville 
Center, NY). Serotonin (7H-5-Hydroxytryptamine, creatine sulfate, 
30 Ci/mmol) was obtained from New England Nuclear (EI duPont 
de Nemours and Co, Boston, Mass) Carrier-Free Na '*I (3.7 GBq 
5] /mL) was from Amersham Corp (Arlington Heights, Ill). All 
other chemicals were of reagent grade and obtained from Fisher 
Scientific Co (Fairlawn, NJ). All containers, tubes, and pipettes 
used in preparation and utility of plasma samples were plastic. 


Blood Collection, Preparation of Platelet-Rich and 
Platelet-Poor Plasma 


Blood was obtained after informed consent according to the 
guidelines of the Human Investigational Committee from healthy, 
normal donors and study subjects from an antecubital vein using a 
19-gauge or 21-gauge butterfly needle. A two-syringe technique was 
employed As citrate concentration affects platelet function,” the 
blood was anticoagulated with 42 volume 3.8% sodium citrate and 
corrected to a standard final citrate concentration of 200 + 0.1 
mmol/L in the platelet-rich plasma (PRP) and platelet-poor plasma 
(PPP). Citrate correction was done by determination of the 
[citrate/plasma] volume ratio based on the donor hematocrit (cor- 
rected for citrate addition) as determined on a Coulter S Plus Two 
Counter (Coulter Electronics, Inc, Hialeah, Fla). PRP was prepared 
by centrifugation of whole blood at 180 x g for 15 minutes at 22 °C. 
PPP was prepared by centrifugation at 1800 x g for 20 minutes at 
22 °C. The platelet count of the PRP was determined on a Coulter S 
Plus Two Counter and adjusted to 300,000/uL by addition of an 
appropriate volume of PPP. Random platelet counts showed good 
correlation with those obtained on a Thrombocounter (Coulter 
Model ZBI) and with a manual technique (Neubauer improved 
hemocytometer). 

Heparinized PRP was prepared from whole blood that was 
anticoagulated with | unit of heparin/mL (Heparin sodium, from 
porcine intestinal mucosa, A.H. Robbins Corp, Richmond, Va). 

Normal Pooled Plasma (NPP), used for assay of plasma factors, 
was obtained from 20 healthy individual donors aged 20 to 40 years 
who were taking no medications Blood was collected in '4o volume 
3.8% sodium citrate using a two-syringe technique, centrifuged at 
2000 x g for 15 minutes at 4 °C, and equal volumes of PPP from 
each sample were pooled and the pooled plasma frozen at —70 °C. 
No citrate correction was necessary as this PPP was not used in 
platelet aggregation tests. 


Platelet Aggregation 


Platelet aggregation was performed at 37 °C on platelet count- 
adjusted, citrate-adjusted PRP 1n one of two dual-channel aggre- 
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gometers (Chronolog Corp, Havertown, Pa) using the turbidimetric 
method.” Light transmission was recorded on a dual-channel chart 
recorder (Riken Denshi Recorder, Payton Associates, Buffalo, NY) 
with a chart rate of 20 mm/min This allowed for calculation of 
aggregation response versus time of aggregation reaction. To mini- 
mize pH changes in plasma due to CO, diffusion with time, the 
pooled PRP was aliquoted into smaller (5 mL and 10 mL) capped 
plastic tubes 5 PRP samples were withdrawn quickly and the tubes 
recapped. In our test system, four PRP samples were evaluated 
simultaneously, enabling a completion of aggregation tests within 75 
to 90 minutes of PRP preparation. With these procedures the pH of 
representative PRP samples ranged from 7 52 to 7 65 (Radiometer 
Copenhagen, PHM62 standard pH meter with combination glass 
electrode) during the study period, values within the recommended 
range ? 


Effect of Ristocetin on Collagen-Induced 
Platelet Aggregation 


In normals, 25 uL of ristocetin, at final concentrations of 0 0 to 1.0 
mg/mL, were added to 225 uL of stirred PRP in the aggregometer. 
In experiments in which PRP contained VWF in amounts less than 
50% of normal, ristocetin was also used in final concentrations up to 
3.0 mg/mL in addition to these concentrations. After two minutes, 
ample time for maximal ristocetin-mediated vW F-platelet binding,” 
25 pL of soluble calf skin collagen was added (final concentration 
175 pg/mL) and the platelet aggregation response recorded (Fig 
1). 

Identical tests were performed in heparinized PRP to evaluate the 
response in a system unresponsive to ristocetin 7?’ Tests were also 
performed substituting ADP (final concentrations of 0.5 to 25 
pmol/L) for collagen. 


Analysis of Platelet Aggregation Response 


The collagen-induced aggregation curve was assessed by the lag 
phase (L), reaction rate (Vmax), and the maximum extent of 
aggregation during the first 744 minutes of response (Hm) ?* The 
contribution of these variables to the aggregation response was 
quantitated by the area under the curve (Fig 1), a measurement we 
have determined to be a sensitive and reproducible measurement of 
aggregation.??? Each curve is asymmetric, thus aggregation area 
was computed using a manual technique in which the aggregation 
curve is traced on calibrated tracing paper, cut out, and weighed an a 
Mettler Analytical Balance (Will Scientific, Inc, Rochester, NY) 
Weight is directly proportional to area. All units of area are reported 
as weight in milligrams. Two aggregation areas based upon different 
length of time of aggregation were used (Fig 1): (a) four minutes 
(Area 4) from the addition of collagen, and (b) seven and one-half 
minutes (Area 7'/) from the addition of collagen. Area 4 is a 
measure of the extent of the lag phase and the Vmax. A prolongation 
of the lag phase and a decreased Vmax results in a decreased Area 4. 
A shortened lag phase and increased Vmax results in an increased 
Area 4. If the lag phase extends beyond four minutes, Area 4 is zero. 
Area 7/4 measures the maximum extent of aggregation. 

The collagen-induced aggregation response, assessed by these 
measurements, plotted as a function of increasing ristocetin concen- 
tration added, was defined as the Collagen-Platelet Aggregation 
Response (Col-PAR) Response in the absence of ristocetin is the 
baseline collagen aggregation. In control samples, ristocetin at 
subthreshold concentrations was added to the PRP without subse- 
quent collagen addition. Analysis of the Col-PAR was done by 
standard analysis of variance (ANOVA) and linear regression ?! 


Von Willebrand Factor Requirement 


Patients with severe von Willebrand's Disease (vWD), Type I 
(patient SS), severe Hemophilia A (patient TP), and mild vWD, 
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Fig 1. Experimental design and analy- 
sis of platelet response. Ristocetin at sub- 
threshold concentrations was added to 
stirred citrated PRP in the aggregometer 
two minutes prior to the addition of col- 
lagen (final concentration, 175 ug/mL). At 
these rístocetin concentrations, no aggre-  Boseline 
gation occurs if collagen is not added. The min %T * 
area under the aggregation curve was used (PRP) 
to evaluate the lag phase, reaction rate, and t 
maximum extent of aggregation for each 
aggregation response. The limits of the 
aggregation area (hatched area) are the 
aggregation curve, the vertical line from the 
curve to the baseline at the indicated time, 
the baseline, and the intercept of the Vmax 
with the baseline. 
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Type I (patient DR), were examined to determine the requirement 
for vWF in the Col-PAR. The hemostatic profiles of these patients 
are shown in Table 1 At the time of evaluation no patient had 
received recent transfusions or medications. No inhibitor activity 
against any Factor VIII subunit was detectable. The Col-PAR was 
also determined ın PRP samples-in which the percent vWF present 
was controlled by addition of normal control PPP (source of yWF) to 
the PRP of patient SS in varying proportions to produce the desired 
vWF levels. PRP and PPP were prepared concomitantly from 
patient SS and the normal control. Appropriate mixtures yielded 
PRP samples with platelet count of 300,000/~L and vWF measured 
as VIIIR:Ag™ of 32%, 16%, 8%, and 4%. 


Effect of Ristocetin on Collagen Fibril Formation 


Lyophilized collagen was dissolved in 5 mmol/L acetic acid by 
stirring overnight at 4°C. The collagen concentration was deter- 
mined by optical density at 230 nm using a standard curve deter- 
mined by polarimetry.” Collagen fibrils were formed at 35 °C for 17 
hours by the method described” using 300 ug/mL collagen in 60 
mmol/L N-TRIS-2 aminoethanesulfonic acid (TES) buffer, pH 7.5. 
Fibril formation was studied in the presence of increasing final 
concentration of ristocetin (0.3 to 1.5 mg/mL). Following 1ncuba- 
tion the fibrils were centrifuged and the supernatant assayed for 
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residual (nonfibrillar) collagen by optical density at 230 nm. In 
control samples 5 mmol/L acetic acid was substituted for TES 
buffer to determine the background A; 1n the absence of fibril 
formation. 


Evaluation of Micro Platelet Aggregates With Ristocetin 


Ristocetin (50 uL) in final concentrations of 0.0 to 1.4 mg/mL 
was added to duplicate samples of PRP (450 uL). The capped 
samples were incubated with mixing at 37 ?C for seven minutes 
After incubation micro platelet aggregate formation was evaluated 
by (1) fixation of an aliquot of the PRP sample (0.2 mL) with 1.5% 
formaldehyde (0.2 mL) and estimation of the number of nonaggre- 
gated platelets by phase contrast microscopy using a Neubauer 
improved hemocytometer”; (2) preparation of a Wrights stained 
smear and examination by direct microscopy; and (3) centrifugation 
of the PRP sample at 80 x g for two minutes and determination of 
the residual platelet count using a Coulter Counter Model B.* 


Protein Precipitation With Ristocetin 


Ristocetin was added to duplicate samples of PRP and PPP and 
incubated as described above for microaggregate determination. 
After incubation the samples were immediately transferred to 


Table 1. Hemostatic Profile of Patients Used to Evaluate the vWF Requirement in the Col-PAR 





Platelet Profile 





Patient Diagnosis BT PLT CT PT APTT VHC Vill Ag VINR.WE RIPA CIPA AIPA 
ss vWD (Type 1) severe >20 310,000 WNL 78.0 3 «1 «1 ABNL WNL WNL 
DR vWD (Type 1) mild WNL 265,000 WNL WNL 28 42 38 ABNL WNL WNL 
TP classical Hemophilia A WNL 255,000 WNL 900 <1 168 185 WNL WNL WNL 
Normal range «9 150-350,000 11-13 «40 50-200 50-200 50-200 WNL WNL WNL 





Abbrev BT, bleeding time (min); PLT CT, platelet count (per mm’), PT, prothrombin time (sec); APTT, activated partial thromboplastin time (sec); 
RIPA, ristocetin-induced platelet aggregation, CIPA, collagen-induced platelet aggregation, AIPA, ADP-induced platelet aggregation; WNL, within normal 


limits, and ABNL, abnormal. 


The Factor VIII/VWF complex consists of two moieties with three identifiable properties.? In the text VIil:C is the coagulant activity deficient in 
hemophilia A and vWF is the high molecular weight moiety of the Factor VIII/VWF complex necessary for platelet-related functions and abnormal to 
various degrees in vWD.? It is determined antigenically as VIIIR-Ag, and functionally by ristocetin cofactor activity referred to as VIIR:WF (VIII C, 


VIIIR:Ag, and VIIIR: WF expressed as percent activity 10096 = 1 U/mL.) 
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eppendorf micro test tubes, capped, and centrifuged at 8,800 x g for 
two minutes (Eppendorf Micro Centrifuge). The supernatant was 
withdrawn and diluted 1 20 in 0.9% NaCl and protein determined by 
the method of Lowry.* 


Platelet Release Studies Using ^ H-Serotonin ('H-5HT) 


Platelets in citrated PRP (platelet count of 450,000/uL) were 
labeled with *H-5HT (0.6 uCi/mL) as previously described. The 
labeled platelets were sedimented on a BSA density gradient and 
resuspended in calcium-free Tyrodes buffer." Platelet release of 
?H-5HT (measured on a Beckman LS-133 Liquid Scintillation 
Counter) was determined following addition of ristocetin, collagen, 
or ADP to a mixture of the BSA-washed platelets and normal PPP 
by the method described.” All tests were conducted in triplicate. The 
percent ?H-5HT release was calculated from the maximal obtain- 
able release of solubilized labeled platelets minus the background 
supernatant count.” 


Treatment of Platelets with Chymotrypsin 


Platelets in citrated PRP (platelet count of 450,000/uL) were 
incubated with chymotrypsin (25 to 1000 ug/mL) for 10 to 40 
minutes by the method described ?* Following incubation the reac- 
tion was stopped by addition of excess SBTI? and PMSF ? The 
chymotrypsin-treated platelets were sedimented, washed," and 
resuspended ın normal PPP. Aggregation studies were performed as 
described earlier in the text Additional samples of chymotrypsin- 
treated platelets were centrifuged (8,800 x g Eppendorf Micro 
Centrifuge), solubilized in a nonreducing sample buffer (containing 
3% SDS), and analyzed by SDS-PAGE by the method of Fair- 
banks.” Gels were stained with Coomassie blue and by the periodic 
acid-Schiff procedure (PAS).® 


Von Willebrand Factor—Platelet Binding Studies 


vWF was kindly provided by Carolyn Floyd (George Washington 
University, Washington, DC). It was prepared from cryoprecipitate 
of fresh frozen plasma by the previously described method ? Puri- 
fied vWF (80 units VIIIR WF activity/mg) was radioiodinated in 
the presence of lactoperoxidase and glucose oxidase using Enzymo- 
beads (BioRad), 70 ug vWF and 1 mCi Na '?I Free !5] was 
separated from protein-bound iodine on a G-25 (Pharmacia Chemi- 
cals, Piscataway, NJ) column using a 20 mmol/L TRIS, pH 7 6, 
1 mmol/L EDTA, 100 mmol/L NaCl buffer. Specific activity of the 
UST-VWF was 0.2 to 0.3 uCi/ug with no loss of VIIIR:WF activity 
Washed platelets (WP) obtained by centrifugation of fresh citrated 
PRP or recently expired platelet concentrates were resuspended in 
calcium-free Tyrodes buffer containing 5 mmol/L EDTA * Binding 
assays were performed by modification of the described technique” 
with a mixture of 0.3 ug '*I-vWF ( 024 units VIIIR: WF), 1.6 x 10° 
WP, and ristocetin in final concentrations up to 1.5 mg/mL. 
After five minutes (37 °C), 0.9% NaCl was added to one set of assay 
tubes and collagen (final concentration of 175 ug/mL) to a second 
set. Following incubation (30 minutes, 37°C, with stirring) the 
platelets were sedimented through an oil mixture (N-butyl ester, 
Bis(—)pthalate ester, 1 1 [vol/vol])*’ using an Eppendorf Micro 
Centrifuge and the radioactivity of the platelet pellet counted 
(Beckman Gamma 8000 Counter). All tests were conducted in 
triplicate. 


Assay of Factor VIII-Related Properties 


Factor VIII coagulant (VIII:C) was assayed based on a one-stage 
assay? using known substrate deficient plasma from a severe 
Hemophilia A patient Ristocetin Cofactor Activity (VIIIR:WF) 
was measured using formalin fixed washed normal platelets and 
patient plasma Quantitation was based on agglutination rate upon 
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addition of ristocetin *? vWF was measured immunologically as 


VIIIR:Ag by quantitative 1mmunoelectrophoresis? using rabbit 
antisera to human Factor VIII-associated protein (Calbiochem- 
Behring Corp, La Jolla, Calif) and a 5.6 mmol/L barbital, 3 15 
mmol/L barbital sodium, 375 mmol/L glycine, 186.6 mmol/L Tris, 
pH 8.9, buffer Ten uL samples of plasma, undiluted and serially 
diluted 1.2 ın 0.9% NaCl, were applied to a 1% agarose (Marine 
Colloids Division, FMC Corp, Rockland, Me) gel. Quantitation was 
based on rocket height In all assays serial twofold dilutions of NPP 
were used to generate the standard curve. Screening for inhibitors of 
Factor VIII-related properties was done by assay of residual factor 
activity ın mixtures of test plasma and NPP.“ 


RESULTS 


Effect of Ristocetin-Mediated Platelet-vWF Binding 
on Collagen-Induced Platelet Aggregation 


Collagen-Platelet Aggregation Response (Col-PAR). In 
normal individuals the Col-PAR was a progressive inhibition 
of aggregation followed by decreasing inhibition and then 
enhanced responses (Fig 2). In the absence of ristocetin the 
platelet response was a typical collagen-induced platelet 
aggregation (Fig 2A) demonstrating the characteristic lag 
phase, shape change, and aggregation wave. Low ristocetin 
concentrations (0.2 to 0.6 mg/mL) resulted in an inhibited 
response (Fig 2B) in which the lag phase was prolonged, the 
shape change was delayed, Vmax was diminished, and the 
maximum extent of aggregation was decreased. As ristocetin 
concentration was increased (0.7 to 1.0 mg/mL), inhibition 
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Fig 2. Effect of increasing concentrations of ristocetin on 


collagen-induced platelet aggregation in PRP from a normal indi- 
vidual. Drawings are actual aggregometer tracings. Experimental 
design as shown in Fig 1. (A) Baseline response (diluent added); 
normal collagen-induced aggregation. (B) Inhibited response (ris- 
tocetin concentration of 0.6 mg/mL); prolonged lag phase, dimin- 
ished aggregability (C) Enhanced response (ristocetin concentra- 
tion of 0.9 mg/mL); shortened lag phase, increased platelet 
aggregability compared to inhibited response. 


VWF AND PLATELET-COLLAGEN INTERACTION 


was overcome resulting in an enhanced response (Fig 2C). 
The enhanced response represents that collagen-induced 
aggregation in which the lag phase is considerably shortened 
compared to the control collagen response (ie, response in the 
absence of ristocetin) and the Vmax and Hm are increased 
from the inhibited response. 

The aggregation area quantitated the degree of inhibition 
and enhancement (Fig 3). Area 4, most sensitive to the lag 
phase, demonstrated the significant prolongation and short- 
ening of the lag phase at inhibited and enhanced responses, 
respectively. Area 7'4 reflected the decreased maximum 
extent of aggregation with inhibition and the increased 
response as ristocetin concentration was increased. In these 
25 normal subjects studied with Ristocetin lot 036101A 
maximal inhibition occurred at a ristocetin concentration of 
0.6 mg/mL and increasing responses at concentrations of 
0.7 mg/mL and greater. Twenty-two subjects demonstrated 
an enhanced response at ristocetin concentrations of 0.7 to 
1.0 mg/mL. At these ristocetin concentrations no measur- 
able aggregation was seen if collagen was not added. At 
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Fig3. The Collagen-Platelet Aggregation Response (Col-PAR) 
is the collagen-induced platelet aggregation as a function of 
ristocetin concentration added. Values shown are for 25 normal 
individuals using Ristocetin lot 036101A. Increasing ristocetin 
concentration from 0.0 to 1.0 mg/mL results in a progressive 
inhibition of response followed by decreasing inhibition and then 
enhanced responses. The four-minute area (Area 4) measures the 
change in lag phase and Vmax; the seven and one-half-minute 
area (Area 7'2) measures the change in the maximum extent of 
platelet aggregability. Aggregation area expressed as weight, in 
milligrams, of aggregation tracings +2 standard error of the mean 
(SEM). The aggregation area at varying ristocetin concentrations 
is statistically different (P < .01, ANOVA analysis). The same 
response was obtained with four additional ristocetin lots. 
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ristocetin concentrations greater than those resulting in an 
enhanced response, the addition of ristocetin resulted in 
RIPA. This range of RIPA was compatible with previous 
studies in our lab of normals and abnormals using this 
ristocetin lot. In individual subjects, when the enhanced 
response did not occur until a concentration of 1.0 mg/mL, 
the inhibition of the aggregation response increased progres- 
sively with increasing ristocetin concentrations of 0.7 to 0.9 
mg/mL. 

Col-PAR in heparinized PRP. Platelets in heparinized 
PRP aggregated in response to ADP and collagen but not to 
ristocetin. In heparinized samples the Col-PAR demon- 
strated no inhibition of collagen response at a ristocetin 
concentration of 0.6 mg/mL nor enhanced responses at a 
ristocetin concentration of 1.0 mg/mL, concentrations that 
produced inhibited and enhanced responses in citrated PRP. 

Effect of ristocetin on ADP-induced platelet aggrega- 
tion. In the absence of ristocetin, a biphasic aggregation 
response was obtainable with an ADP concentration of 1.25 
umol/L to 2.5 umol/L. The addition of ristocetin to PRP 
(00 to 1.0 mg/mL) prior to ADP addition (1.25 to 
2.5 umol/L) resulted in (1) no inhibition of ADP-induced 
aggregation (ristocetin concentration «0.7 mg/mL) and (2) 
an enhanced secondary aggregation wave at ristocetin con- 
centrations (0.8 to 1.0 mg/mL) corresponding to an 
enhanced collagen response in the Col-PAR. At low ADP 
concentrations (<1.0 wmol/L) not producing a secondary 
aggregation wave in the absence of ristocetin, no enhanced 
response upon addition of ristocetin was observed. 


Effect of Ristocetin on Collagen Fibril Formation 


Following the addition of TES buffer to soluble collagen, 
ristocetin diminished the extent of collagen fibrillar forma- 
tion as measured by an increased residual soluble collagen in 
the supernatant. Inhibition in the extent of fibril formation 
was identical at ristocetin concentrations of 0.3 to 
1.5 mg/mL. 

Protein precipitation with ristocetin. In a normal donor 
plasma sample, total protein was assayed at 7.4 g/dL Upon 
addition of ristocetin (concentrations to 1.4 mg/mL), no 
appreciable loss of protein, due to precipitation, was observ- 
able in the supernatant («546 of the starting protein value). 
No difference of protein recovery was observed between PRP 
and PPP. 


Evaluation of Micro Platelet Aggregation With Ristocetin 


No micro platelet aggregate formation was demonstrable 
upon addition of increasing subthreshold concentrations of 
ristocetin to a normal donor PRP. With threshold ristocetin 
concentrations (1.0 to 1.4 mg/mL), there was a progressive 
increase in the formation of platelet aggregates. The Col- 
PAR of this donor PRP demonstrated an inhibited response 
at 0 8 mg/L, an enhanced response at 0 9 mg/mL, and minor 
RIPA at 1.0 mg/mL. The first signs of platelet aggregate 
formation corresponded to the ristocetin concentration pro- 
ducing the first (minor) RIPA in the aggregometer. 

Phase contrast evaluation of fixed PRP samples. With 
ristocetin concentrations «1.0 mg/mL all platelets were 
single (79596 nonaggregated). At 1.0 mg/mL the PRP is a 
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heterogenous mixture of single platelets, platelet doublets, 
and small aggregates. At concentrations >1.0 mg/mL, there 
are large platelet aggregates (95% aggregated at 1.4 mg/ 
mL). 

Residual platelet count determinations in PRP. Platelet 
counts following ristocetin addition and subsequent centrifu- 
gation to remove small aggregates showed no change of 
platelet count at concentrations <1.0 mg/mL. At 1.0 mg/ 
mL a 40% decrease in platelet count occurred that increased 
proportionately with the increase of ristocetin concentration 
to 1.4 mg/mL. 

Direct microscopy of Wright's stained smears. Single 
platelets were seen at ristocetin concentrations <1.0 mg/mL, 
a heterogenous mixture of single platelets, doublets, and 
small aggregates at 10 mg/mL, and large clumps at 
1.4 mg/mL 


Platelet Release of ?H-5HT 


Subthreshold ristocetin not causing measurable RIPA did 
not induce a release of ?H-5HT from labeled platelets (<5% 
release measurable in the supernatant). Furthermore, at 
threshold ristocetin concentrations measurable release of 
?*H-5HT did not occur with minor monophasic RIPA (<5% 
at ristocetin concentrations of 0.9 to 1.1 mg/mL), and was 
measurable only when RIPA resulted in the secondary 
aggregation wave (57% release at 1.5 mg/mL). The secon- 
dary aggregation wave induced by ADP, and aggregation 
induced by collagen, caused measurable ?H-5HT release. 


Treatment of Platelets With Chymotrypsin: 
Effect on the Col-PAR 


Platelets treated with chymotrypsin and analyzed by 
SDS-PAGE demonstrated loss of PAS staining material, 
identifiable by molecular weight as platelet membrane glyco- 
proteins (GPs) (according to the nomenclature of Phillips 
and Agin”). The extent of GP digestion was dependent on 
the chymotrypsin concentration. At 500 ug/mL the removal 
of GPI resulted in the loss of RIPA and retention of 
collagen-induced aggregation; the Col-PAR was a pro- 
gressive inhibition without enhancement. At higher chymo- 
trypsin concentration (1000 ug/mL), platelet GPs I, II, and 
III were not identifiable by PAS staining, resulting in the loss 
of RIPA, collagen-induced aggregation, and the Col-PAR 
(Table 2). 
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von Willebrand Factor Requirement 


Severe von Willebrand's disease Inthe absence of vWF 
(PRP from patient SS), the Col-PAR was a progressive 
inhibition with no subsequent enhanced response with risto- 
cetin concentrations up to 3.0 mg/mL (Fig 4). With increas- 
ing ristocetin concentration the lag phase was progressively 
prolonged (Area 4) and the maximum extent of aggregation 
totally inhibited (Area 714). No protein precipitation was 
Observed at these ristocetin concentrations. 

Addition of von Willebrand factor. As vWF was added 
to the PRP lacking it an enhanced response was observed 
(Fig 5). The ristocetin concentrations at which an enhanced 
response was seen was inversely proportional to the amount 
of vWF present. With increasing vWF level, the Col-PAR 
approached the normal range and the control response. The 
normal range consisted of individuals with VIIIR:Ag levels 
of 49% to 202% and all demonstrated enhanced responses 
with ristocetin concentrations of 1.0 mg/mL or less (shaded 
area, Fig 5) All vWF mixtures studied had abnormal 
VIIIR:Ag levels (32%, 16%, 8%, 4%) and the Col-PAR fell 
outside of the normal range, none producing an enhanced 
response at ristocetin concentration of 1.0 mg/mL. The 
progressive inhibition of Area 7! reflects the increasing 
inhibition of the maximum extent of aggregation with 
increasing ristocetin concentration. In all samples with vWF 
levels less than 50%, the collagen response in the absence of 
ristocetin was similar to that of normal individuals (Ristoce- 
tin at 0.0 mg/mL: Figs 4 and 5). 

In the absence of Factor VIII coagulant but normal vWF 
(patient TP; classical hemophilia), the Col-PAR was within 
the normal range with an enhanced response at a ristocetin 
concentration of 0.9 mg/mL. With diminished vWF (patient 
DR; mild vWD) tests, on two separate occasions, demon- 
strated a response outside the normal range with an inhibited 
response at 1.0 mg/mL and an enhanced response at 
1.1 mg/mL. 


von Willebrand Factor Platelet Binding 


Increasing amounts of '*I-vWF bound to platelets as the 
ristocetin concentration was increased to a final concentra- 
tion of 1.5 mg/mL (Fig 6). In the absence of ristocetin a 
small amount of vWF-platelet binding occurred (<6% maxi- 
mal). The dose-response increase of vWF-platelet binding 
with increased ristocetin concentration was unchanged using 


Table 2. Effect of Chymotrypsin Removal of Platelet Glycoproteins (GPs) on Platelet Aggregation Response 

















Treatment GP(s) Present 
(chymotrypsin, g/mL) {SDS-PAGE and PAS Stain) 
O (control) 1, 11, itl, IV 
500 Ir, UL, IV 
1000 IV 


Aggregation Response 








RIPA CIPA Col-PAR 
NL NL inhibition-enhancement 
absent NL inhibition 
absent absent absent 

















Abbrev: RIPA, ristocetin-induced platelet aggregation, CIPA, collagen-induced platelet aggregation, Col-PAR, Collagen-Platelet Aggregation 
Response, and NL, normal 

Platelets were incubated with increasing concentrations of chymotrypsin to limit digest the platelet GPs.?? Following chymotrypsin treatment one 
sample of platelets was tested for aggregability and a second sample was analyzed by SDS-PAGE and stained by PAS “ Platelet GPs were identified by 
relative migration in the gel based on the known molecular werghts.*® In control samples (no chymotrypsin) the platelets aggregate with ristocetin and 
collagen and the Col-PAR is inhibition-enhancement. With chymotrypsin at 500 pg/mL, GPI is removed from the platelet, RIPA is lost, CIPA ts normal, 
and the Col-PAR is progressive inhibition (no enhancement) At higher chymotrypsin concentrations (1000 g/mL), GPI, II, and Ili are removed and all 
aggregation response is lost 
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Fig 4. Col-PAR in severe von Willebrand's disease. Type I, 
(VWF <1%). Shaded area is range of responses from 13 normal 
individuals (VIIIR:Ag levels of 49% to 202%) evaluated with Risto- 
cetin lot 064014C. Solid line is the mean value of normals +2 SEM. 
In the absence of vWF the Col-PAR is a progressive, eventually 
complete, inhibition. The limit of Area 4 is reached when the lag 
phase extends beyond four minutes. A similar response was 
observed on four separate test occasions and with different 
ristocetin lots. 


different vWF concentrations (0.15 to 0.45 yg). No 
increased binding occurred in the presence of collagen using 
WP from either fresh or expired platelet concentrates. 
Statistical model. The Col-PAR was statistically ana- 
lyzed by linear regression (ANOVA). In this model the 
aggregation responses obtained for a given individual at 
given ristocetin concentrations were assigned numerical 
codes based on those responses being: (1) progressively 
inhibited, (2) maximally inhibited, (3) progressively increas- 
ing, and (4) maximally enhanced. The aggregation responses 
are expressed as a function of the summation of the percent 
vWF and the ristocetin concentrations resulting 1n inhibition 
and enhancement, respectively. Statistical analysis of the 
linear regression of response (ie, area) versus ristocetin 
concentration determined the applicability of defining the 
Col-PAR by an inhibition-enhancement model. The calcu- 
lated F ratios verified the statistical significance of defining 
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the Col-PAR by inhibition-enhancement as a function of 
ristocetin concentration (P < .00001). The difference 
between groups of normals and abnormals (ie, VWF <49%) 
was statistically significant (P < .00001). 


DISCUSSION 


In vitro platelet-collagen interaction has been shown to be 
a vWF-dependent response,** yet the nature of the vWF 
requirement is poorly defined. To characterize the vWF role 
we have determined the effect of ristocetin-mediated plate- 
let-vWF binding on collagen-induced platelet aggregation. 
Our results demonstrate that ristocetin-platelet association 
inhibits the platelet aggregation response to collagen and 
vWF-platelet binding enhances collagen-induced platelet 
aggregation. 

Ristocetin binds to platelets’*” inducing a concentration- 
dependent v WF-platelet binding at GPIb.^7? In our studies, 
as confirmed by radiolabeled vWF, the extent of vWF- 
platelet binding was regulated by control of the ristocetin 
concentration. Collagen-induced aggregation was chosen to 
evaluate the platelet-collagen interaction as it measures both 
platelet-collagen adhesion and platelet aggregability, and is 
a useful in vitro test of platelet function.'*’* Adhesion is 
characteristic of the lag phase of aggregation during which 
the platelet membrane is altered, exposing "reactive sites"! 
and promoting platelet aggregation via a release reaction.” 

With normal vWF level (49% to 202%) the platelet 
aggregation response to collagen as a function of increasing 
ristocetin concentration demonstrated two phenomena: inhi- 
bition and enhancement. Inhibition, at low ristocetin concen- 
trations, was characterized by decreased adhesion and aggre- 
gation (ie, prolonged lag phase and diminished maximum 
extent of aggregation). At higher ristocetin concentrations, 
enhancement represented an aggregation response requiring 
vWF in which adhesion was increased (ie, shortened lag 
phase) from the control collagen response (ie, no ristocetin) 
and platelet aggregability was of sufficient magnitude to 
overcome the inhibitory effect of ristocetin. With abnormal 
vWF level (<42%), the inhibition phase was similar yet the 
enhanced response was a function of the vWF level (Figs 4 
and 5). However, regardless of the vWF level, the collagen- 
induced aggregation in the absence of ristocetin was similar; 
thus the enhanced response was actually a function of the 
ability of vWF to bind to platelets in the presence of 
ristocetin. The correlation between an abnormal vWF level 
(<42%) and the ristocetin concentration producing an 
enhanced response was statistically significant. With normal 
vWF level (749940) the same correlation was evident (ie, 
normal individual with 49% showed an enhanced response at 
1.0 mg/mL, an individual with 202% at 0.8 mg/mL) but the 
limited data did not lend to the same statistical correlation 
between high and low normal vWF values. 

The mechanism by which ristocetin induces vWF-platelet 
binding is poorly defined. Ristocetin-platelet association, 
which 1s a low affinity, concentration-dependent response, 
reduces the negative surface charge of the platelet!?!? expos- 
ing the GPIb receptor domain that binds vWF. In our studies 
the lack of micro platelet aggregate formation and of platelet 
release of *H-serotonin in the presence of subthreshold 
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ristocetin indicates that enhancement is not the result of 
nonspecific ristocetin-platelet association predisposing the 
platelet to an increased collagen response. Furthermore, 
elimination of vWF-platelet binding by chymotrypsin 
removal of the GPIb domain resulted in the retention of the 
"m inhibition phase and loss of the enhancement phase. With 
L further chymotrypsin digestion, the GPIIb/IIIa domain was 
A removed and platelets no longer aggregated with collagen, 
2 | due to the removal of the fibrinogen-platelet binding site.” 
2 so} While enhanced aggregation required a functional vWF 
t oib and platelet vWF receptor, inhibition required neither and 
Z aol was progressively inhibited with increasing ristocetin concen- 
i H O—ORISTOCETIN + SALINE tration (Figs 4 and 5). The Col-PAR is therefore the 
* sol 4^-—ARISTOCETIN + COLLAGEN summation of two independent curves: an inhibitory one due 
to platelet-ristocetin association, and an enhancement curve 
S CE a a E ESEN E due to platelet-VWF binding. As seen in Fig 7 a decrease in 
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Fig 6 — Effect of collagen on ristocetin-mediated vWF-platelet 
binding. ""I-vWF (0.3 ug), WP (1.6 x 10° platelets), and ristocetin 
(at indicated final concentrations) were combined together in the 
presence of either 0.9% NaCl or collagen (175 ug/mL). Following 
incubation (37 *C, 30 minutes with stirring) the radioactivity of the 
sedimented platelet pellet was counted. Bound vWF was calcu- 
lated as a percentage of maximal binding at 1.5 mg/mL. In the 
absence of ristocetin less than 696 binding occurred (correspond- 
ing to 9000 cpm/1.6 x 10° platelets), at 1.5 mg/mL maximal 
binding represented 160,000 cpm/1.6 x 10° platelets. No differ- 
ence was seen in the presence of collagen. 


platelet-vWF binding due to decreased vWF levels results in 
the movement of the enhancement curve to the right produc- 
ing a greater inhibition eventually complete in the absence of 
any vWF-platelet binding. The differential response of plate- 
let-ristocetin binding (ie, inhibition) and vWF-platelet bind- 
ing (ie, enhancement) is consistent with independent mem- 
brane receptor sites for these substances !™!? 

We did find an inhibitory effect of ristocetin on the extent 
of collagen polymerization. This may contribute to the 
process of inhibition by blockage of the polymerization of 
soluble collagen monomer as proceeds during the lag phase 
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Fig 7. Interaction of ristocetin, vWF, and platelets: Effects on 
collagen-induced platelet aggregation as observed in the Col- 
PAR. (A) The normal collagen-induced platelet aggregation is 
diminished in the presence of ristocetin-platelet binding and 
enhanced in the presence of vWF-platelet binding. (B) Contribu- 
tion of these two responses to the Col-PAR. In normal individuals 
with normal vWF-platelet binding, inhibition progresses until vWF- 
platelet binding is adequate to produce an enhanced response. In 
the presence of abnormal vWF-platelet binding (due to low vWF 
activity or decreased vWF-platelet binding), the enhanced 
response is delayed, resulting in a greater inhibition and an 
enhanced response outside the normal range. 


of aggregation.“ However, the extent of inhibition was 
independent of the ristocetin concentration and, further- 
more, this process was not sufficient to cause inhibition in 
heparinized PRP, nor irreversible inhibition in citrated PRP. 
These findings, together with the negligent protein precipita- 
tion at the ristocetin concentrations used, also suggest that 
the affinity of ristocetin for plasma proteins, including 
fibrinogen,” necessary for aggregation” is not a contributory 
process in inhibition. We also found an increased secondary 
wave of ADP-induced aggregation in the presence of vWF- 
platelet binding. This secondary aggregation 1s indicative of 
a platelet release reaction and similar to the release occur- 
ring during the aggregation phase of collagen-induced aggre- 
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gation.” However, ristocetin did not inhibit nor enhance the 
primary ADP-platelet interaction demonstrating the unique 
specificity of the collagen response due to mstocetin and 
vWF-platelet binding. Together with previous data? these 
findings demonstrate that seemingly independent platelet- 
ligand interactions can influence each other. 

The inhibition of collagen aggregation suggests that risto- 
cetin interferes with an unknown specificity and mechanism 
with platelet sites required for adhesion and aggregation. 
With a critical degree of vWF-platelet binding at GPIb, 
however, platelet-collagen adhesion and subsequent platelet- 
platelet association is potentiated at a second membrane 
site(s). This increased in vitro adhesion is consistent with 
recent findings.** However in our studies the binding of 
vWF to the platelet, not the vWF level, was critical in the 
enhanced adhesion and resulted in increased interaction 
between platelets. This finding provides additional evidence 
that vWF plays a role in both platelet-subendothelial adhe- 
sion?’ and platelet-platelet association.” The potentiated 
adhesion may be due to a physical or electrostatic alteration 
of the platelet membrane by bound vWF making platelet 
receptor sites for collagen more readily available. There was 
no synergistic increase of vWF-platelet binding with ristoce- 
tin and collagen suggesting that the enhancement response is 
not merely an effect of quantitative vWF-platelet associa- 
tion. An alternative hypothesis to explain the enhanced 
response is that at increased levels of vWF-platelet binding, 
more platelets adhere to collagen through a vWF “bridging” 
thus causing increased aggregation. 

In conclusion we have demonstrated that ristocetin inhib- 
its in vitro collagen aggregation and the binding of vWF to 
platelets enhances platelet-collagen adhesion and platelet 
aggregation. These findings imply that, in vivo, the binding 
of vWF to platelets? potentiates platelet-collagen and plate- 
let-platelet interaction upon exposure of the collagenous 
subendothelium at sites of vascular injury. Our studies 
demonstrate a role of vWF-platelet binding in the vWF- 
platelet-collagen interaction and demonstrate an influential 
interaction of ristocetin, vWF, and collagen with the platelet 
membrane. 
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Cytotoxicity of Interleukin 2-Activated Lymphocytes 
for Leukemia and Lymphoma Cells 


By Kazuo Oshimi, Yoko Oshimi, Miyuki Akutsu, Yayoi Takei, Hiroshi Saito, Michiko Okada, and Hideaki Mizoguchi 


Studies were undertaken to determine whether leukemia 
and lymphoma celis would be lysed by autologous and 
allogeneic lymphokine-activated killer (LAK) cells. Periph- 
eral blood mononuclear celis (PBMC) from patients and 
normal donors were cultured for five days, 2 weeks, and 4 
weeks with medium containing 2,500 units of recombinant 
interleukin 2 (IL-2) per mL, and their cytotoxicity was 
assayed by a five-hour "'Cr-release test. Of primary tumors 
isolated from patients with acute nonlymphoblastic leuke- 
mia, acute lymphoblastic leukemia, and non-Hodgkin's iym- 
phoma, tumors of 37 out of 40 patients tested were shown 
to be susceptible to normal donors’ LAK, and tumors of 18 
of 20 patients tested were shown to be susceptible to 
autologous LAK. LAK cultured for longer periods showed a 
tendency to have lower cytotoxicity. LAK had also low, but 
significant, levels of cytotoxicity for nonmalignant target 
cells. Because PBMC expanded in IL-2-containing medium 
consisted mainly of OKT3-positive pan T celis, OKT8- 


NTERLEUKIN 2 (IL-2) is a lymphokine produced by 
helper T cells that stimulates the growth of activated 
murine and human lymphocytes in vitro.'? The incubation of 
normal lymphoid cells with IL-2 leads to the generation of 
lymphokine-activated killer (LAK) cells that can lyse fresh 
tumor cell targets in short-term *'Cr-release assay.*” It has 
been shown that the adoptive transfer of these in vitro- 
derived LAK cells can mediate the regression of established 
metastasis from murine tumors.5*!! 

The antitumor effect of LAK has prompted attempts to 
elucidate the spectra of human tumor cells sensitive to LAK, 
and it has been shown that various types of sarcoma, 
melanoma, and cancers of the colon, ovary, pancreas, esoph- 
agus, and adrenal glands are lysed by autologous or allo- 
geneic LAK effector cells.^*!? Of hematological malignan- 
cies, acute lymphoblastic leukemia (ALL) cells derived from 
a patient were shown to be insensitive to autologous LAK,’ 
and lymphoma cells derived from three patients were shown 
to be sensitive to allogeneic LAK." There have been no 
positive reports, however, as to whether hematologic malig- 
nant cells isolated from patients are sensitive to autologous 
LAK, nor has it been determined which subtypes of leukemia 
or lymphoma cells are sensitive to LAK. 

The experiments reported ın this article were initiated 
with three aims. First, considering the potential application 
of LAK 1n clinical trials, it was determined whether leuke- 
mia and lymphoma cells isolated from patients would be 
lysed by autologous and allogeneic short-term (five-day) 
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positive suppressor/cytotoxic cells, and Leu-11-positive 
natural killer (NK) cells, and treatment with OKT3 and 
Leu-11 monoclonal antibodies (mAb) reduced LAK activity 
for autologous and allogeneic tumor cells, both T and NK 
cells appeared to be effector cells for LAK activity. Mecha- 
nisms of target-cell recognition in the LAK system seem to 
be different from those in alloreactive cytotoxic T lympho- 
cytes (CTL) based on the results that, while cytotoxicity of 
alloreactive CTL was inhibited by the treatment of effector 
cells with mAb, OKT3, and OKT8, and by the treatment of 
target cells with a mAb that reacts with HLA class | 
antigen, LAK activity was not inhibited by the above 
treatment. When chromosomes of IL-2-expanded PBMC in 
nine patients and two normal individuals were analyzed, 
PBMC from one patient showed chromosomes of clonal 
abnormalities, and PBMC from five donors showed those of 
nonclonal abnormalities. 

© 1986 by Grune & Stratton, Inc. 


cultured LAK. Second, in view of the fact that a more potent 
antitumor effect was demonstrated when a larger number of 
LAK cells was inoculated into experimental animals, we 
tested whether in vitro-expanded LAK in a longer period (2 
to 4 weeks) of culture in IL-2-containing medium would also 
lyse autologous and allogeneic tumor cells. Third, if LAK is 
found to be lytic for these targets, its adverse effects must be 
considered. Therefore we tested whether LAK also lyses 
nonmalignant target cells and whether peripheral blood 
mononuclear cells (PBMC) expanded in vitro with IL- 
2-containing medium develop chromosomal abnormalities. 
The results show that short-term and longer term cultured 
LAK lysed autologous and allogeneic leukemia and lym- 
phoma cells of most of the patients tested. However, LAK 
also had a low, but significant, level of cytotoxicity for 
autologous and allogeneic nonmalignant target cells, and 
chromosomal changes of a clonal nature were demonstrated 
in in vitro-expanded PBMC. 


MATERIALS AND METHODS 


Characteristics of patients and tumor cells. Patients with acute 
nonlymphoblastic leukemia (ANLL), ALL, and non-Hodgkin’s 
lymphoma were studied The diagnosis of leukemia was based on the 
French-American-British (FAB) cooperative group designation,” 
and that of lymphoma was based on the working formulation of the 
National Cancer Institute.'* Patients with more than 80% malignant 
cells in their peripheral blood leukocytes, bone marrow cells, or 
lymph node cells were selected as donors of tumor cells. The 
percentage of tumor cells in the specimens was determined from 
morphology and surface markers. When bone marrow cells were 
obtained from patients and normal volunteers, the donors were 
advised of the procedure and attendant risks and gave informed 
consent These studies were approved by the Human Experimenta- 
tion Committee of our college. 

Surface marker analysis Leukemic cells were separated from 
the peripheral blood or bone marrow cells by Ficoll-Conray gradient 
centrifugation, and lymphoma cells were obtained by teasing lymph 
nodes with forceps. The specimens were assayed for their surface 
phenotypes by the indirect immunofluorescence method as described 
elsewhere. ^6 
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Surface markers of IL-2-expanded PBMC were analyzed by flow 
cytofluorometry (Spectrum III; Ortho Diagnostic Systems, West- 
wood, Mass) Monoclonal antibodies (mAb) used were OKT3 (pan 
T), OKT4 (helper/inducer T), OKT8 (suppressor/cytotoxic T), 
anti-B, (pan B)," and Leu-1la which reacts with natural killer 
(NK) cells.'® For the direct staining of T, B, and NK antigens, 1 to 
2 x 10° cells were incubated with saturating concentrations of 
fluorescein isothiocyanate (FITC)-conjugated mAb for 30 minutes 
at 4°C, and assayed after being washed twice with phosphate- 
buffered saline For two-color immunofluorescence analysis using 
OKT3 and Leu-11a mAb, 1 to 2 x 10° cells were incubated with 10 
uL of OKT3 at 4 °C for 30 minutes, washed once thereafter, and 100 
uL of 1:20-diluted biotinyl goat antimouse immunoglobulin (Ig) 
antibody (Becton Dickinson Monoclonal Center Inc, Mountain 
View, Calif) was added After being incubated for 30 minutes at 
4 *C, the cells were washed once and exposed to 100 ug of mouse IgG 
(Cappel Laboratories, West Chester, Pa) for ten minutes at 4 °C to 
block goat antrmouse Ig antibody activity. Then 100 uL of 1.20- 
diluted phycoerythrin-conjugated avidin (Becton Dickinson) and 5 
uL of FITC-conjugated Leu-11a mAb were added, and the cells 
were incubated for 30 minutes at 4 °C. The cells were washed once 
and passed on Spectrum III by using an argon ion laser at 488 nm 
excitation wavelength. Green fluorescence (515 to 530 nm wave- 
length) from FITC, and red (>530 nm) from phycoerythrin were 
detected independently and displayed as dot plots in the linear scale 
of fluorescence intensity 

Induction of LAK Heparinized whole blood was obtained from 
patients and two normal donors. Patients’ blood was taken at the 
period when leukemia or lymphoma cells were not present in the 
peripheral blood. Because it is not known whether chemotherapy or 
radiotherapy affects LAK precursors, blood was taken before the 
initiation of therapy or at least 3 weeks after the cessation of therapy. 
PBMC were separated with Ficoll-Conray density gradients, washed 
twice, and suspended in RPMI 1640 medium supplemented with 
10% heat-inactivated human AB serum (Flow Laboratories, 
McLean, Va), 2,500 units of recombinant IL-2 per mL, 2 mmol/L 
L-glutamine, 100 units of penicillin per mL, and 10 ug of streptomy- 
cin per mL. Initially 2 x 10° PBMC were cultured in a 24-well tissue 
culture plate (Linbro Division, Flow Laboratories, Hamden, Conn) 
in 2 mL of the above complete medium at 37 °C in humidified air 
containing 5% Co,. After five days of culture, cells were assayed for 
proliferative response and LAK activity For the assay of prolifera- 
tive response, 0.15 mL quantities of the cultured cell suspension were 
transferred to the wells of a microculture plate in triplicate and 1 wC1 
of *H-thymidine was added to each well. After 18 hours of further 
incubation at 37 ?C, the cells were harvested on glass fiber filters and 
the incorporation of radioactivity was measured by a liquid scintilla- 
tion counter. For the assay of LAK activity, cultured PBMC were 
washed once and used as effector cells for the cytotoxicity assay as 
will be described later. When PMBC were propagated with IL- 
2-containing medium, the complete medium was changed every 
three or four days and the concentration of cells was maintained in 
the range of 5 x 10°/mL to 3 x 10$/mL. Cells from the two normal 
donors proliferated 30- to 100-fold during the first 2 weeks of culture 
and 10- to 20-fold during the second 2 wecks of culture. After 2 and 
4 weeks of culture, cells were harvested and assayed for their LAK 
activity. 

IL-2 used for the induction of LAK activity was produced by 
recombinant DNA technology," and was provided by Shionogi 
Pharmaceutical Co Ltd, Osaka, Japan. The purity was more than 
99%, and the specific activity of this IL-2 was 1 2 x 10" units/mg of 
protein. IL-2 activity was assayed by the method described by Gillis 
et al,? and the units were determined on the basis of a reference 
Jurkat IL-2 standard provided by the Biological Response Modifiers 
Program of the National Cancer Institute. 
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Assay for LAK activity A five-hour *!Cr-release test” was used 
for the assay of LAK activity. Target cells were leukemia and 
lymphoma cells isolated from the patients, an NK-sensitive cell line 
K562, and an NK-insensitive cell line Raji. Freshly isolated tumor 
cells were suspended in Eagle’s minimum essential medium contain- 
ing 75% fetal calf serum (FCS) and 10% dimethylsulfoxide, and 
stored in liquid nitrogen When used as targets in the cytotoxicity 
assay, they were thawed and centrifuged with Ficoll-Conray to 
remove dead cells. Cells of more than 70% viability were used as 
targets The susceptibility to five-day and 4-week cultured LAK of 
frozen K562 cells, Raji cells, and PBMC from normal individuals 
used immediately after thawing did not differ from that of K562 and 
Raji cells in culture and of PBMC freshly isolated from the same 
individuals. For the labeling of target cells 1n the cytotoxicity assay, 
50 uC1 or 300 to 400 „Ci of Na,°'CrO, (Japan Isotope Association, 
Tokyo, Japan) was incubated with 10$ pelleted cells for two hours 
Fifty microcuries were used for the labeling of cultured cell lines, 
and 300 to 400 „Ci for the leukemia and lymphoma cells isolated 
from the patients. The labeled cells were then washed three times, 
and used as targets at 8 x 10? cells per microculture well. Effector- 
to-target (E T) ratios were 80:1 and 20:1 when patients’ malignant 
cells were used as targets, and 20:1 and 5.1 when cultured cell lines 
were used as targets. The experiments were performed in triplicate. 
After five hours of incubation, the supernatant fluid was harvested 
and the radioactivity was determined with a gamma well counter. 
The specific 'Cr release was calculated by the following formula: % 
release = [(experimental *'Cr release — spontaneous 'Cr release)/ 
(maximum *!Cr release — spontaneous *'Cr release)] x 100, where 
spontaneous release was the *'Cr release from 8 x 10? labeled target 
cells incubated alone in the medium, and maximum release was that 
from labeled target cells incubated alone in water containing 5% 
detergent The results of cytotoxicity tests were expressed as mean 
percent specific *'Cr release. The standard deviation of percent 
specific *'Cr release was less than 5% 1n most of the experiments. 
Cytotoxic activity was considered positive when the value of experi- 
mental *'Cr release was significantly above that of spontaneous *'Cr 
release according to the Student's t test. 

Induction of anomalous killer activity and lectin-dependent 
cellular cytotoxicity Because LAK efficiently lyses patients’ 
tumor cells, as will be presented in Results, the level of LAK activity 
was compared in the same individual with that of known nonspecific 
killer cell activity of anomalous killer (AK)*”” and lectin-dependent 
cellular cytotoxicity (LDCC).^ Because cells mediating AK activity 
are induced following mixed lymphocyte culture (MLC), PBMC of 
a normal donor were cultured for five days with the same number of 
mitomycin C-treated allogeneic PBMC, and then assayed for their 
cytotoxicity against leukemia and lymphoma cells isolated from the 
patients. Preliminary experiments revealed that the highest level of 
AK activity was induced after five days of MLC. For the assay of 
LDCC, PBMC freshly prepared from the donor were incubated with 
5!Cr-labeled target cells in the presence of 1:3,000 final concentra- 
tion of phytohemagglutinin-P (PHA-P) (Gibco Laboratories, Grand 
Island, NY). The 1 3,000 final concentration was selected because in 
preliminary experiments the highest level of LDCC was obtained at 
that concentration of PHA-P. Cytotoxicity assay used for AK and 
LDCC was the five-hour ?'Cr-release test with E T ratios of 80.1 and 
20:1, as described above. 

Characterization of LAK effector cells. The panning method 
described previously? was modified as follows. Three-milliliter 
quantities of affinity-purified F(ab’), fragment goat antimouse IgG 
or IgM (Cappel Laboratories) were added to 60 mm Petri dishes. 
After overnight incubation at 4 °C, the antibody was harvested from 
the plates and each plate was washed three times with 3 mL of cold 
medium. Cultured PBMC, 8 x 10°, resuspended in 0.5 mL of 
1:10-diluted OKT3 or Leu-11b mAb were incubated on ice for 30 
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minutes, washed, resuspended in 2.5 mL of RPMI 1640 medium 
containing 5% FCS, and added to the antibody-coated plates. The 
plates were then incubated in a 5% Co, incubator for 45 minutes at 
37 °C. The nonadherent cells were harvested by swirling the plates 
and removing the cells by aspiration with a Pasteur pipette In 
preliminary experiments more than 95% of the OKT3* or Leu-11b* 
cells were removed by the panning method when the cells were 
assayed by the indirect immunofluorescence method The nonadher- 
ent cells were then centrifuged, and the pellet was resuspended in 1 
mL of RPMI 1640 medium containing 10% FCS. The percentage of 
cells yielded was determined, and 0 1 mL quantities of the cells were 
transferred to wells of a microculture plate in triplicate. Therefore, 1f 
the yield of the cells was 100%, the E-T ratio in the cytotoxicity assay 
should be 80.1. 

Analysis of recognition mechanisms in LAK-mediated target cell 
lysis with mAb. The nature of receptors on LAK that recognize 
antigenic structures on target cells is not known, nor is that of 
antigenic structures on target cells. Therefore, in order to test 
whether similar mechanisms of antigen recognition are present in 
the LAK system when compared with alloreactive cytotoxic T 
lymphocytes (CTL), LAK effector cells were preincubated with 
mAb OKT3, OKT4, or OKT8 for 30 minutes at 37 °C prior to the 
addition of “'Cr-labeled target cells, and, in a reciprocal fashion, 
'Cr-labeled target cells were preincubated with mAb W6/325 
(Sera Laboratories, Sussex, England), which reacts with a nonpoly- 
morphic determinant on the o chain of HLA-A and -B, or with 
OKIa1” which reacts with P23, 30 compartments of Ia antigen prior 
to the addition of LAK effector cells. At the same time, seven-day 
MLC-induced alloreactive CTL and PHA-induced target lympho- 
cytes were preincubated with mAb in the same manner. 

Chromosome analysis. Chromosomes were examined 1n mar- 
row aspirates obtained from the patients and in IL-2-expanded 
PBMC from the patients and two normal individuals Chromosome 
shdes were prepared by the 24-hour cultivation technique. A 
synchronization method using methotrexate and thymidine was also 
utilized for Q-banding analysis ? The chromosome number was 
determined in 30 to 40 cells, and detailed analysis was performed in 
5 to 10 cells. An abnormal clone was defined as two cells with the 
same extra chromosome or structural rearrangement, or three cells 
with the same missing chromosome, according to the criteria of the 
First International Workshop on Chromosomes in Leukemia.” 


RESULTS 


Optimal conditions for LAK development and cellular 
proliferation. For induction of LAK activity in short-term 
cultured PBMC, the optimal concentration of IL-2 was 
determined. PBMC from a normal donor were incubated 
with various concentrations of IL-2 for five days, and assayed 
for their cytotoxicity for leukemia and lymphoma cells 
isolated from patients. Although details are not shown, the 
concentrations of IL-2 of 250—50,000 U/mL showed almost 
the same maximum level of LAK activity for leukemia and 
lymphoma cells. Raji and K562 cell lines were also effi- 
ciently lysed by the same concentrations of IL-2. Next, the 
kinetics of the development of LAK lytic activity were 
studied. When PBMC from a normal donor were cultured 
with 2,500 units of IL-2 per mL for various lengths of time, 
the level of highest cytotoxicity was obtained after five days 
of culture (Fig 1). Therefore a culture period of five days was 
selected for the following experiments for the activation of 
LAK in short-term culture. 

Because experiments on 1n vitro expansion of PBMC in 
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Fig 1. Kinetics of LAK development. PBMC from a normal 
donor were cultured for various lengths of time in medium 
containing 2,500 units of IL-2 per mL, and their cytotoxicity was 
assayed against ANLL cells from patient 1, lymphoma cells from 
patient 31, and cell lines K562 and Raji. In the cytotoxicity assay, 
the E:T ratio was 80:1 for ANLL and lymphoma cells, and 20:1 for 
cell lines. 


longer term culture with medium containing IL-2 were 
attempted in the present study, the optimal concentration of 
IL-2 for cellular proliferation was determined. PBMC from 
a normal donor were incubated with various concentrations 
of IL-2 for five days, and assayed for their proliferative 
response by ?H-thymidine incorporation. Concentrations of 
IL-2 of 500 to 5,000 U/mL were most effective for the 
proliferation of PBMC (data not shown). These findings, 
taken together, led to the selection of a concentration of 
2,500 units of IL-2 per mL for the following experiments on 
both induction of LAK activity in short-term culture and 
expansion of PBMC in longer term culture 

LAK activity of normal donors against leukemia and 
lymphoma cells isolated from patients. PBMC from two 
normal donors were cultured for five days, 2 weeks, and 4 
weeks, and their LAK activity was assayed against leukemia 
and lymphoma cells isolated from the patients (Figs 2, 3, 4). 
Of ANLL blast cells obtained from 18 patients, those of 17 
patients were sensitive to LAK of either donor I or donor II, 
or both (Fig 2). Monoblasts obtained from patient 16 were 
LAK-resistant leukemic cells, whereas monoblasts of the 
other two patients, 17 and 18, were sensitive. Blast cells from 
all nine patients with ALL were sensitive (Fig 3). Of 
lymphoma cells from 13 patients, those of 11 patients were 
sensitive (Fig 4). Of the ALL patients, patients 19 and 21 
had T-cell ALL, patient 22 had non-T, non-B ALL, and the 
others had ALL of B-cell lineage. Of lymphoma patients, 
patients 30, 39, and 40 had T-cell lymphoma, and the others 
had B-cell lymphoma. Thus susceptibility to LAK was not 
correlated with T or B surface phenotypes. According to 
Nadler et al," ALL cells in the most primitive stage of B-cell 
differentiation bear B, antigen, and, with maturation, they 
acquire common ALL antigen, and then B, antigen. ALL 
cells of patients 23, 24, and 25 had B, antigen alone, those of 
patients 20 and 26 had B, and common ALL antigens, and 
those of patient 27 had B,, common ALL, and B, antigens. 
When susceptibility was compared among ALL cells in 
different stages, those in the most primitive stage were shown 
to be more susceptible than those in more mature differentia- 
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Fig2. LAK activity of normal donors’ PBMC against ANLL cells 
isolated from patients. PBMC from normal donors | (A) and II (B) 
were cultured for five days, 2 weeks, and 4 weeks in the presence 
of 2,500 units of IL-2 per mL, and their cytotoxicity was assayed 
against ANLL cells isolated from patients by a five-hour "'Cr- 
release test. The percentage of cytotoxicity recorded was that of 
the higher level of cytotoxicity at an E:T ratio of either 80:1 or 
20:1, and in most of the experiments, cytotoxicity was higher 
when the E'T ratio was 80:1. Numbers in the figure represent 
patient number. Patients 1 through 4 were diagnosed as having 
M1 ANLL, 5 through 7 were M2, 8 through 10 were M3, 11 through 
15 were M4, and 16 through 18 were M5. 
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Fig 3. LAK activity of normal donors' PBMC against ALL cells 


isolated from patients. PBMC from normal donors | (A) and Il (B) 
were treated as described in the legend of Fig 2. Patients 19 and 
20 had L1 ALL and patients 21 through 27 had L2 ALL. 
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Fig4. LAK activity of normal donors’ PBMC against lymphoma 
cells isolated from patients with non-Hodgkin's lymphoma. PBMC 
from normal donors | (A) and II (B) were treated as described in the 
legend of Fig 2. Patient 28 had follicular, small cleaved cell 
lymphoma, patient 29 had diffuse, small cleaved cell lymphoma, 
patients 30 through 35 had diffuse, large cell lymphoma, patients 
36 and 37 had large cell, immunoblastic lymphoma, patient 38 had 
Burkitt's lymphoma, and patients 39 and 40 had lymphoblastic 
lymphoma. 


tion stages (in donor I, P < 0.05 for five-day and 4-week 
cultured LAK, and in donor II, P « 0.05 for all LAK cells). 
It is worth noting that lymphoma cells of clinically high- 
grade malignancy” (patients 36 to 40) were also more 
susceptible than those of low-grade and intermediate-grade 
malignancy'^ (patients 28 to 35) (in donor I, P < 0.01 for 
five-day LAK; in donor II, P « 0.05 for five-day and 2-week 
LAK). Cytotoxicity of five-day cultured LAK was signifi- 
cantly higher than that of 2-week cultured LAK (P « 0.0001 
in donor I and P « 0.00001 in donor IT), and that of 2-week 
cultured LAK was significantly higher than that of 4-week 
cultured LAK (P < 0.001 in donors I and II). LAK activity 
of donor II was significantly higher than that of donor I in 
five-day, 2-week, and 4-week culture (P « 0.00001). Tumors 
of patients 2 and 9 were poorly lysed by donor I but well lysed 
by donor II, with tumors of patients 11, 28, and 34 better 
lysed by donor J. This tendency, however, became less 
striking 1n repeated experiments (data not shown). When 
PBMC from the normal donors were cultured for five days in 
the absence of IL-2, cytotoxicity was not demonstrated in 
any of the experiments against tumor cells of patients 1, 2, 5, 
8, 20, 25, 30, 31, 36, and 49 (data not shown). 

LAK activity against autologous tumor cells. As shown 
in Fig 5, a significant level of cytotoxicity for autologous 
leukemia or lymphoma cells was demonstrated in PBMC of 
17 of 20 patients after five days of culture, in those of 18 of 
19 patients after 2 weeks of culture, and in those of 15 of 19 
patients after 4 weeks of culture. In repeated experiments, 
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Fig5. LAK activity against autologous tumor cells. PBMC from 


the patients were cultured;for five days, 2 weeks, and 4 weeks as 
described in the legend of Fig 2, and their cytotoxicity was assayed 
against autologous ANLL or ALL cells (A) and lymphoma cells (B). 


patients 5 and 26 again demonstrated no cytotoxicity against 
their autologous tumors, although the tumors were lysed by 
allogeneic normal donors’ LAK. What was responsible for 
this lack of lysis was not determined. The level of cytotoxicity 
of 4-week cultured LAK at an E:T ratio of 80:1 was 
significantly lower than that of five-day cultured LAK 
(P « 0.05). When PBMC were cultured for five days in the 
absence of IL-2, cytotoxicity for autologous tumor cells was 
not demonstrated in any of the experiments in patients 2, 9, 
24, 31, 38, and 40 (data not shown). 

Cytotoxicity for Raji and K562 cells was also assayed each 
time LAK activity for autologous tumors was assayed, and 
the level of cytotoxicity was compared between autologous 
tumor cells versus Raji cells, and between autologous tumor 
cells versus K562 cells. As shown in Fig 6, significant 
correlation was demonstrated (P < 0.00001 in autologous 
cells versus Raji cells, and P <0.001 in autologous cells 
versus K562 cells). Thus, the level of LAK activity for 
autologous tumor cells was roughly parallel to that of LAK 
activity for Raji and K562 cells. 

Comparison of LAK activity with AK activity and 
LDCC. Because normal donors’ LAK lysed tumor cells of 
more than 90% of patients, LAK activity of a normal donor 
was compared with AK activity and LDCC from the same 
individual against tumor cells isolated from 10 patients. Fig 7 
shows that the level of LAK activity was much higher than 
that of AK and LDCC. When freshly prepared PBMC were 
assayed without the addition of PHA, cytotoxicity was not 
demonstrated or was lower, if present at all, than that of 
LDCC (data not shown). 

LAK activity against nonmalignant target cells. LAK 
activity of normal donors I and II and some patients was 
assayed against autologous and allogeneic nonmalignant 
target cells Target cells used were normal PBMC, normal 
bone marrow cells, and nonmalignant lymph node cells 
obtained from patients with reactive lymphadenitis. The 
results shown in Table 1 demonstrate that LAK had a low, 
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Fig 6. Correlation of cytotoxicity for autologous tumor cells and 
cell lines. Five-day, 2-week, and 4-week cultured PBMC from the 
patients were assayed for their cytotoxicity against autologous 
tumor cells and cell lines Raji and K562 cells. (A) E:T ratios in the 
cytotoxicity assay were 80:1 for autologous tumor cells and 20:1 
for Raji cells. (B) The E:T ratios were 80:1 for autologous tumor 
cells and 5:1 for K562 cells. When the percent cytotoxicity was 
below zero, it was plotted as zero in the figures and treated as zero 
in the statistical analyses. When an E:T ratio of 20:1 was used 
instead of 5:1 in the cytotoxicity assay for K562 cells, the correla- 
tion coefficient r was 0.38 and P was less than 0.005. 


but significant, level of cytotoxicity for autologous and 
allogeneic nonmalignant target cells in most of the experi- 
ments. When PBMC from the two normal donors were 
cultured for five days in the absence of IL-2, cytotoxicity for 
autologous and allogeneic PBMC and for allogeneic lymph 
node cells was not demonstrated (data not shown). 
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Fig 7. Comparison of LAK activity with AK and LDCC. The 
activity of five-day cultured LAK from a normal donor was com- 
pared with that of AK and LDCC. AK was induced after five days of 
MLC, and LDCC was assayed with PBMC freshly prepared in the 
presence of a 1:3,000 dilution of PHA-P. Target tumor cells were 
those isolated from 10 patients (number in the figure indicates 
patient number), and the E:T ratio in the cytotoxicity asssay was 
80:1. LAK{ DO ), AK( ,ipcc( W ). 
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Table 1. LAK Activity Against Nonmalignant Target Cells 


Percentage of Cytotoxicity 


PBMC of Donor I PBMC of Donor II 
Cultured Cultured 
Target Cells* 5d 2wk 4wk bd 2wk 4wk 


PBMC of donor! exp 121 151 6T 25¢ 11} 7:1 
3 1 0 2 3 1 
10¢ NDf ND 12¢ ND ND 


1 
2 
3 
PBMC of donor II exp. 1 8t 6t 0 21¢ 3 2 
2 
3 


Bone marrow cells normal 22t 2 3 
1 

Lymph node cells Pt 41 12ł 3 4 10¢ 151 14ł 
4 


Pt 43 9t 8St 7t 18f¢ 14[ 10ł 
PBMC Pt.248 8f 4t 1 
Bone marrow cells Pt. 98 10t —6 

Pt. 178. ND 7f ND 
Lymph node cells Pt. 438 14t St 10ł 


PBMC from normal donors | and Il and from patients were cultured for 
five days, 2 weeks, and 4 weeks in medium containing 2,500 units of 
IL-2 per mL, and their cytotoxicity was assayed against nonmalignant 
target cells. The percent cytotoxicity recorded was that of the higher level 
of cytotoxicity at an E.T ratio of either 80:1 or 20:1, and in most of the 
experiments, cytotoxicity was higher when the E:T ratio was 80:1. 

*Target cells were freshly isolated PBMC from normal donors | and II 
and from patient 24, bone marrow cells from a normal donor and from 
patients 9 and 17 with leukemia in complete remission, and lymph node 
cells from three patients, 41, 42, and 43, with reactive lymphadenitis. 

[Percentage of cytotoxicity in a 5'Cr-release assay in which the value 
of released "'Cr was significantly (P < 005) higher than that of 
spontaneously released *'Cr. 

tNot done. 

SLAK assay in the autologous effector-target systems. 


Surface marker analysis of in vitro-expanded PBMC 
PBMC from the two normal donors were expanded in vitro 
with IL-2-containing medium, and their surface markers 
were examined after 2 to 4 weeks of culture. The results 
shown in Table 2 indicate that expanded cells were mainly 
T3 positive, T8 positive, and Leu-11a positive. In contrast, 
T4-positive cells were less expanded, and B,-positive cells 
were not expanded. Two-color fluorescence analysis revealed 
that there were only a few cells simultaneously expressing T3 
and Leu-11a antigens. 
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Characterization of LAK effector cells. Because the 
proliferating cells were T3-positive cells and Leu-11—positive 
cells as shown in Table 2, and because conflicting results 
were reported on the nature of LAK effector cells, 1e, 
Rosenberg’s group reported that they are T cells, 59? Itoh et 
al?! reported that they are NK cells, and Nishimura and 
Hashimoto,” and Merluzzi? reported that they are both T 
cells and NK cells, we studied the surface markers of LAK 
effector cells by negative selection with mAb (Table 3). The 
results indicate that both T3-positive T cells and Leu- 
11—positive NK cells are effector cells. 

Analysis of recognition mechanisms in LAK-mediated 
target cell lysis with mAb. Table 4 demonstrates that 
preincubation of CTL with mAb OKT3 and OKTS inhibited 
alloreactive CTL activity. CTL cytotoxicity was also inhib- 
ited by preincubation of target cells with mAb W6/32, which 
reacts with HLA class I antigen. In contrast, LAK activity 
for patients’ tumor cells or autologous PBMC was not 
inhibited by mAb treatment, suggesting that target cell 
recognition mechanisms in the LAK system are different 
from alloreactive CTL. 

Chromosome analysis of in vitro-expanded PBMC. 
Chromosomes of PBMC were analyzed after in vitro culture 
in nine patients in whom a prior chromosome study was 
performed in bone marrow cells, and in the two normal 
individuals As shown in Table 5, in PBMC from five donors 
or in six out of 15 samples, nonclonal abnormalities were 
found, and in patient 6, six out of 10 cells showed clonal 
proliferation of abnormal cells having the chromosome of 45, 
X, —X, t(6;8), 15q—. Because clonotypic abnormalities 
developed only in a single patient, this finding should not be 
generalized to other patients. 


DISCUSSION 


Although clinical application of IL-2-expanded bulk 
(nonclonal) T cells or T-cell clones cytotoxic for autologous 
tumor cells has been greatly anticipated, it has been ham- 
pered by difficulty in inducing and expanding T cells with 
specific killer activity. ^?" In the NK system, NK cells 
having lytic activity for autologous tumor cells have been 
described,®® yet these NK cells were also cytotoxic for 
autologous normal blood mononuclear cells?! and NK cells 
lost their ability to lyse autologous tumor cells in most of the 
experiments after expansion of NK in IL-2-containing 


Table 2. Surface Marker Analysis of Fresh and IL-2-Expanded PBMC of Normal Donors 





Percentage of Positive Cells 


Donor l's PBMC Donor II's PBMC 
2 wk 4wk 2 wk 4 wk 
mAb Fresh Cultured Cultured Fresh Cultured Cultured 

OKT3 75 81 + 4 (3) 85 + 5 (4) 63 58 + 4 (3) 62 + 5 (4) 
OKT4 59 16 12 + 5 (3) 41 2 1 + 0 (3) 
OKT8 19 64 72 + 5 (3) 24 43 51 + 2 (3) 
Leu-11a 14 21 23 + 3 (2) 24 29 39 + 14 (2) 
anti-B, 5 O + 0 (2) O + 0(2) 9 0+ 0(2) O + 0 (2) 
OKT3 & Leu-11a 1* pt O* o* 2" 





Fresh and IL-2-expanded PBMC from the two normal donors were assayed for their surface markers with mAb. The results are expressed as mean 


percentage + SD, and the number of experiments is indicated in parentheses. 


*The percentage of cells simultaneously reactive with OKT3 and Leu-11a mAb by two-color immunofiuorescence staining 
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Table 3. Characterization of LAK Effector Cells by Negative Selection With mAb 





Percentage of Cytotoxicity 





Duration Percent ET ET 
Effector Cells of Culture Target Cells Treatment Yield of Cells 801 201 

Patient 38 5d autologous control 73 35 21 
OKT3 11 19* 14* 

Leu-11b 61 26* 21 

Patient 40 5d autologous control 73 21 20 
OKT3 16 8* 6* 
Leu-11b 57 8* 10* 

Normal donor | 5d patient 1 control 91 27 18 
OKT3 12 7* 3* 
Leu-11b 69 19* g* 

Normal donor II 5d patient 36 control 91 50 42 
OKT3 12 37* 22* 
Leu-11b 69 44* 32* 

Patient 28 2 wk autologous control 90 34 23 
OKT3 15 27* 17* 
Leu-11b 65 24* 18* 

Normal donor I 2 wk patient 36 control 90 25 15 
OKT3 11 14* 3* 
Leu-11b 72 18* 12* 

Normal donor II 2 wk patient 36 control 87 48 29 
OKT3 25 36* 21* 
Leu-11b 62 27* 12* 

Patient 40 4 wk autologous control 51 26 24 
OKT3 16 14* 12* 
Leu-11b 40 20* 20* 

Normal donor | 4 wk patient 37 control 97 52 37 
OKT3 11 29* 17* 
Leu-11b 80 29* 18* 

Normal donor 1l 4 wk patient 37 control 90 67 50 
OKT3 40 59* 43* 
Leu-11b 63 59* 39* 





PBMC from the patients and the two normal donors were cultured for five days, 2 weeks, and 4 weeks with IL-2-containing medium, and assayed for 
their cytotoxicity against autologous or allogeneic tumor cells after negative selection of OKT3* or Leu-1 1b* cells by the panning method. 
* Percentage of cytotoxicity significantly different (P < O 05) from that of control 


medium in spite of retaining strong cytotoxicity for K562 to 4-week cultured) LAK would also lyse hematologically 
target cells." Therefore we focused on LAK, which has been malignant cells isolated from patients. The results show that 
shown to lyse autologous fresh solid tumor cells in more than short-term cultured and in vitro-expanded LAK lysed 
90% of the cancer patients tested,**!” and tested whether ^ almost all types of leukemia and lymphoma cells tested in 
short-term (five-day) cultured LAK and IL-2-expanded (2- autologous and allogeneic effector-tumor systems. These 


Table 4. Effect of mAb Treatment on Alloreactive Killer T Cells, LAK Cells, and Their Target Cells 





Percentage of Cytotoxicity for Target Cells 








Final 
mAb Concentration Tumor Cells Tumor Cells Autologous 
Experiment Treatment of mAb PHA Blasts of Patient 21 of Patient 36 PBMC 

1 Control mE 34 60 68 13 
OKT3 1 pg/mL 10* 59 66 26* 
OKT4 1 ug/mL 29 56 67 13 
OKT8 1 ug/mL 24* 55 71 16 

2 Control = 32 46 61 12 
W6/32 1.50 2T* 42 57 10 
OKla1 1:50 33 57* 65* 18* 





In experiment 1, effector cells were preincubated for 30 minutes with mAb prior to the addition of *'Cr-labeled target cells, and, in experiment 2, 
5! Cr-labeled target cells were preincubated for 30 minutes with mAb prior to the addition of effector cells. 

Effector cells reactive for PHA blasts were alloreactive killer T cells induced after seven days of MLC. PHA blasts used as targets were obtained after 
three days' culture of stimulator's lymphocytes with 1:1,000-diluted PHA-P. Effector cells reactive for patients' tumor cells and autologous PBMC were 
LAK cells induced by five days’ culture of normal donor's PBMC Tumor cells of patients 21 and 36 expressed HLA class | and {I antigens recognized by 
mAb W6/32 and OKla1, respectively E:T ratio in the cytotoxicity assay was 80:1 in all the experiments. 

*Percentage of cytotoxicity significantly different (P < O O5) from that of control. 
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Table 5. Chromosome Analysis of Fresh Bone Marrow Cells and IL-2-expanded PBMC 


Donor Fresh Bone Marrow Cells* 
Normal donor I ND 
Normal donor II ND 
Patient 2 46, XY 
4 47, XX, -21 
6 46, XX, t(8,21) 
9 46, XY, t(15;17) 
12 47, X, -X, t(10q—,11q+,21q+), 
+3,4+21 
17 48, XX, +8, 20q—, --20q— 
18 46, XY 
19 46, XY, 10p— 
20 46, XX, 60— 





In Vitro-Cuitured PBMCT 


Duration of Culture Chromosomes 

2 wk 46, XY} 

4 wk 46, XY 

2 wk 46, XX} 

4 wk 46, XX 

2 wk 46, XY 

2 wk 46, XX1 

4 wk 46, XX (4 cells): 45, X, 
—X, t(6,8), 
15q— (6 cells) 

2 wk 46, XY 

4 wk 46, XY 

2 wk 46, XX 

2 wk 46, XX 

2 wk 46, XYt 

2 wk 46, XY 

2 wk 46, XXt 

4 wk 46, XX 





* Chromosome analysis of fresh bone marrow cells was done when the patients had active disease. 
+PBMC from the patients were expanded with IL-2-containing medium when they were in complete remission, except for patient 12, who had active 


disease. 
tOne or two cells showed nonclonal abnormalities 


results suggest the potential application of LAK to clinical 
trials. However, the present study also demonstrated that 
this highly reactive LAK lysed autologous and allogeneic 
nonmalignant target cells as well to a low, but significant, 
degree, and that in vitro-expanded PBMC developed chro- 
mosomal changes of a clonal nature in a single patient. 

Occasional induction of LAK reactive with nonmalignant 
target cells has been described by others.>“? Rosenberg et al” 
briefly mentioned that five- to seven-day cultured LAK 
expressed a low level of cytotoxicity for autologous blood 
lymphocytes and two- to three-day cultured LAK had only 
antitumor cytotoxicity. Therefore it is necessary in our 
experiments to elucidate the kinetics of development of LAK 
reactive with normal targets and to determine which subsets 
of normal cells are lysed by LAK. 

As far as we know, there have been no previous reports 
concerning chromosomal analysis of LAK. Chromosomes of 
alloreactive human T cells, which had been maintained in 
IL-2-containing medium, were analyzed, and preliminary 
observations from several laboratories suggested that major 
chromosomal abnormalities are frequent in these cells." Our 
patient 6 who had ANLL developed different abnormalities 
in her PBMC chromosomes after in vitro expansion (Table 
5). Because chromosomes were not serially analyzed at the 
beginning of and throughout the culture period, it is not 
known when such change had occurred. Because she had 
been given combination chemotherapy before cultivation of 
PBMC, the possibility that the chemotherapy caused the 
chromosomal change cannot be ruled out. More detailed 
prospective studies are required as to when and how 
frequently chromosomal changes occur. The finding that the 
clonotypic abnormalities developed in a single patient should 
not be generalized to other patients. 

It is worth noting that, throughout the culture period, 


PBMC were expanded without adding mitogens or antigens. 
Although a few reports indicate that the addition of Il-2 
causes the proliferation of PBMC in short-term culture, 44^ 
there have been no previous reports, to our knowledge, 
concerning in vitro expansion of PBMC in large numbers in 
longer term cultures, and their functional and phenotypic 
characterization. It is known that IL-2 mediates its prolifera- 
tive effect on lymphocytes through its binding to IL-2 
receptors, IL-2 receptors being expressed after activation of 
lymphocytes by mitogens or antigens," and that IL-2 
receptors are present in less than 5% of resting lym- 
phocytes."^* Therefore it would be interesting to know 
whether IL-2 added in vitro stimulates the proliferation of 
PBMC already having IL-2 receptors, or whether IL-2 
receptors are newly expressed and IL-2 receptor-bearing 
cells proliferate thereafter. The latter possibility was recently 
proved by Reem et al,” who demonstrated that IL-2 itself 
can induce and upregulate high-affinity IL-2 receptors on 
resting T lymphocytes. Overgrowth of T8-positive cells dur- 
ing the culture (Table 2) might be explained by the recent 
finding that T4-positive cells become refractory to IL-2 
growth promotion earlier than T8-positive cells.” 

Cells propagated 1n vitro with IL-2-containing medium 
were T3 and Leu-11 positive (Table 2). Since it was shown 
by two-color immunofluorescence staining that T3 antigen 
and Leu-11 antigen are not simultaneously expressed on the 
same cell, the proliferated cells consisted of two different 
populations of cells, namely, T cells and NK cells. Although 
surface markers of five-day cultured PBMC were not stud- 
ied, it is highly likely that they contained two different 
populations as well, because in fresh uncultured PBMC and 
in 2-week cultured PBMC, T3-positive cells belong to dif- 
ferent populations of cells from Leu-11-positive cells (Table 
2). In 2-week and 4-week cultured PBMC, T8-positive cells 
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proliferated. Our preliminary observation suggested that 
most of the T8-positive cells are included within the popula- 
tion of T3-positive cells by two-color immunofluorescence 
staining. Therefore it must be clarified whether these T8- 
positive cells have suppressor T-cell function. 

Characterization of LAK effector cells revealed that both 
T and NK cells mediated LAK activity in autologous and 
allogeneic systems (Table 3) Because the number of T3- 
positive cells greatly exceeded that of Leu-11—positive cells 
in cultured PBMC (Tables 2 and 3), the level of cytotoxicity 
per single cell might be equal or higher in Leu-11—positive 
cells. With regard to the nature of LAK effector cells, 
conflicting results were reported by others.” Rosenberg’s 
group reported that they are T cells,*?9?? Itoh et al?! reported 
that they are NK cells, and Nishimura and Hashimoto," and 
Merluzzi? reported that they are both T cells and NK cells 
These differences may be explained by the difference in 
target tumor cells used, concentration of IL-2, or length of 
the activation period. In contrast to freshly isolated effector 
cells, in which Leu-11—positive NK cells but not T3-positive 
T cells mediated cytotoxicity for K562 target cells, both 
Leu-11-positive NK and T3-positive T cells mediated cyto- 
toxicity for K562 and Raji cells, when PBMC cultured for 
five days, 2 weeks, and 4 weeks were used as effector cells 
(data not shown), and this finding could explain why the 
level of cytotoxicity for autologous tumor cells was roughly 
parallel to that of cytotoxicity for K562 and Raji cells (Fig 
6). 

The nature of receptors of LAK that recognize antigenic 
structures on target cells is not known, nor 1s that of antigenic 
structures on target cells CTL are known to recognize target 
cells via the Ti-T3 complex structure,” and CTL cytotoxicity 
is blocked by preincubation of CTL with mAb OKT3.? 
Cytotoxicity of T8-positive CTL that recognize HLA class I 
antigen is blocked by mAb OKT8 and mAb W6/32 which 
reacts with HLA class I antigen, whereas cytotoxicity of 
T4-positive CTL which recognize HLA class II antigen is 
blocked by mAb OKT4 and an Ab which reacts with HLA 
class II antigen.**** As expected, cytotoxicity of alloreactive 
CTL was inhibited by mAb OKT3, OKT8, and W6/32 
(Table 4). In contrast, LAK activity for patients’ tumor cells 
or autologous PBMC was not inhibited by mAb treatment. 
These results suggest that LAK effector cells mediate their 
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lytic function via different recognition mechanisms from 
alloreactive CTL. Thus T3-positive T cells mediating LAK 
activity (Table 3) seem to be true LAK effectors rather than 
IL-2-activated classical CTL. Interestingly, preincubation 
of LAK effector cells with OKT3 or of target cells with 
OKIal rather enhanced LAK activity against patients’ 
tumor cells and autologous PBMC (Table 4). Although the 
results were reproducible, the reason for this enhancement 
was not clarified. With regard to the target structures 
recognized by LAK, Grimm and Wilson? have recently 
suggested that they are self-altered. As was suggested by the 
finding that nonmalignant target cells were less susceptible 
than malignant cells (Table 1), target structures appear to be 
present in larger quantity on malignant cells than on normal 
cells. It ıs worth noting that ALL cells in the most primitive 
stage of B-cell differentiation were more susceptible to 
allogeneic normal donors’ LAK than those in more mature 
stages (Fig 3), and that lymphoma cells having clinical 
characteristics of high-grade malignancy were also more 
susceptible than those having characteristics of interme- 
diate- and low-grade malignancy (Fig 4). Although such a 
tendency was not observed in the autologous effector-target 
system (Fig 5), this may be explained by the status of the 
patients at the time blood was taken. That is, LAK precursor 
cells derived from the patients may have been affected by 
various kinds of therapy or stage of the diseases. 

LAK therapy seems to be very promising according to a 
recent report? yet our present study raises some cautions as 
to its use. Can LAK cells be safely administered without 
lysing autologous normal cells? Do T8-positive cells propa- 
gated in vitro have suppressor T-cell functions? Do LAK 
cells contain cells with chromosomal abnormalities, and if so, 
how often, and what kind? We think that these problems 
need to be evaluated when LAK cells are used in clinical 
trials. 
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t(14;14)(q11;q32) in Biphenotypic Blastic Phase of Chronic Myeloid Leukemia 


By Nicole Dastugue, Emilienne Kuhlein, Eliane Duchayne, Francis Roubinet, Georges Bourrouillou, 
Michel Attal, Jacques Pris, and Pierre Colombies 


A blastic crisis of chronic myeloid leukemia without a 
detectable chronic phase is reported. At diagnosis, blast 
celis present t(9;22)(q34;q11),t(14;14)(q11:q32) transloca- 
tions and early B cell phenotype (DR +, TdT +, B4 +, 
BA1 +, J5 +). At relapse, the malignant clone evolves to a 
biphenotypic expression, the initial markers remain 
unchanged, and two myeloid antigens (My 7, My 9) appear. 
The wide overlap in percentages of blast cells displaying 
lymphoid and myeloid markers shows that a single clone 


HE (Ph!) chromosome, which is the result of 
t(9;22)(q34;q11), is characteristic of chronic myeloid 
leukemia (CML), but it has also been described in 10% of 
adult acute lymphoblastic leukemias and in less than 5% of 
acute myeloid leukemias.! Karyotypes observed at remission 
allow discrimination between Ph'-positive acute lymphoblas- 
tic leukemias (ALL) and the blastic phase of CML (BP- 
CML) without a detectable chronic phase. In remission of 
ALL, the majority of evaluable marrow cells do not show the 
Ph! chromosome, whereas in CML, most of the cells are Ph! 
positive.” 

Blastic phases of CML are mostly of myeloid lineage and 
in one third of the cases of lymphoid lineage Further 
investigations have provided evidence of greater heterogene- 
ity. Of all myeloid crises, some involve megakaryoblast and 
others erythropoietic cell lines.™ In most cases, lymphoid 
crises show the same marker profile as common ALL,‘ and 
when differentiation antigens of B cells,? cytoplasmic immu- 
noglobulin,*" or immunoglobulin gene rearrangement? are 
found, they are clearly assigned to the B cell lineage. The 
presence of T cell markers in lymphoid blast crises has been 
documented.*"° Some authors?!" have mentioned mixed 
crises with two distinct populations of blast cells, but a 
biphenotypic blastic phase of CML with a single population 
of blast cells bearing both myeloid and lymphoid markers has 
seldom been reported.? 

The t(14;14)(q11;q32) translocation is a common aberra- 
tion in ataxia telangiectasia (AT), but 1t has also been 
described in lymphoproliferative disorders. These tandem 
translocations are especially associated with T cell malignan- 
cies.'* Frequent involvement of the 14011 breakpoint in T 
cell tumors has been recently correlated with the presence of 
the a-chain gene of the T cell receptor in this area of the 
chromosome 14." 

Here we report a blastic phase of CML, the cells of which 
presented t(9;22)(q34;q11) and t(14;14)(q11;q32) translo- 
cations, B cell phenotype at diagnosis, and biphenotypic 
(lymphoid-myeloid) expression at relapse. 


CASE REPORT 


A 68-year-old female was hospitalized for varicose vein surgery 1n 
January 1985. Presurgical analysis revealed an acute lymphoblastic 
leukemia. No splenomegaly, adenopathy, infection, or bleeding 
syndrome was present. White blood cell count at presentation was 
130 x 10°/L with 12% polymorphonuclear neutrophils, 5775 lym- 
phocytes, 5% monocytes, 26% blast cells, and 3% nucleated red blood 
cells Bone marrow analysis was consistent with ALL 90% of blast 
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bears antigens of both lineages. Simultaneous occurrence 
of a t(14;14)(q11:q32) translocation, usually found in T cell 
malignancies, and of a B cell phenotype raises the question 
of the relationship between chromosomal changes arid 
surface marker expression. The malignant cell is assumed 
to be a progenitor cell, already committed to lymphoid 
lineage and retaining the potential to switch to myeloid 
lineage. 
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cells of lymphoid morphology (L, according to French-American- 
British. classification); myeloperoxidase, Sudan black, and acid 
phosphatase were negative Informed consent for this and other 
standard diagnostic procedures, and approval of the CHU Toulouse/ 
Purpan Human Protection Committee, were obtained The patient 
failed to respond to vincristine, cyclophosphamide, or prednisone 
therapy. With added daunorubicin, a short remission was obtained, 
and in March 1985, bone marrow sample analysis showed normal 
cellularity, 1% myeloblasts, 2% promyelocytes, 12% myelocytes, 
14% metamyelocytes, 12% polymorphonuclear neutrophils, 1% eo- 
sinophils, 14% lymphocytes, 2% monocytes, 2% plasma cells, 35% 
erythroblasts, and 5% blast cells. At this time, the white blood cell 
count was 2.9 x 10°/L with 90% neutrophils, 6% lymphocytes, 1% 
monocytes, 1% metamyelocytes, and 2% myelocytes. 

Despite chemotherapy, blast cell numbers rose regularly, reaching 
76% 1n bone marrow in June 1985. In September 1985, the white 
blood cell count was 460 x 10°/L with 5% polymorphonuclear 
neutrophils, 2% lymphocytes, 2% myelocytes, 80% blast cells, and 
11% promonocytes. The majority of blast cells retained the same 
lymphoid morphology, and myeloperoxidase reaction remained neg- 
ative. This reaction was checked, using the ultrastructural method 
Sodium fluoride-sensitive esterase reaction was negative. 


MATERIALS AND METHODS 


Cytogenetic studies. Peripheral blood was cultured with phyto- 
hemagglutinin (PHA) for 96 hours Peripheral blood without stimu- 
lation and bone marrow were analyzed after 24 hours or after 72 
hours (see Table 2). G banding was performed with the Seabright 
technique. Before harvesting, a sample of the culture medium was 
diluted (1.10 in RPMI), centrifuged on slides by cytospin, and 
stained by May-Grünwald-Giemsa. This study helped us to identify 
the type of dividing cell. 

Immunologic studies. The leukemic cells used were either fresh 
or thawed at the time of the study. Viability of the sample on 
thawing was 90% as judged from the dye exclusion test, stained with 
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Table 1. Reactivity of Monoclonal Antibodies 








Monoclonal Antibody Reactivity 


CD 20 (pan B) 

CD 19 (all B cells following la + 
pre-B cell) 

CD 24 (pan B, granulocytes) 


B1 (Coultronics) 
B4 (Coultronics) 


BA, (Hybritech) 


BA, (Hybritech) CD 9 (non-T, non-B cells; mono- 
cytes) 

DR (Coultronics) HLA class 1l DR 

J5 (Coultronics) CD 10 (CALLA) 


MY 9 (Coultronics) 

MY 7 (Coultronics) 

T101 (Hybritech) 

OKT11 (Ortho Diagnostics) 


Myelomonocytic cells 

CDW 13 (granulocytes, monocytes) 
CD 5 (pan T) 

CD 2 (cells forming E rosettes) 





According to the second workshop on leukocyte typing (Boston 
1984) 


trypan blue. The three samples were also centrifuged by cytospin 
and showed a 95% blast population An indirect immunofluorescent 
staining of cells in suspension was used. Briefly, 1 x 10° cells were 
treated with either 200 xL of a 1 160 dilution (for all antibodies, in a 
saturating dilution) of the specific monoclonal antibody to be tested, 
or 200 uL of a 1 160 dilution of an unreactive control antibody of an 
identical isotype After incubation and repeated washing, they were 
stained with a fluorescem-conjugated goat antimouse Ig antiserum 
(GAM-FITC Coultronics). After repeated incubation at 4 °C for 30 
minutes, the cells were washed three times and analyzed. Analysis 
was performed on an EPICS C flow cytometer (Coulter Electronics, 
Hialeah, Fla) equipped with an argon ion laser For each sample, 
10,000 cells were analyzed with a log amplifier. Windows on the 
display defining immunofluorescence-positive cells were set so that 
less than 2% of the cells stained with the unreactive control antibody 
were counted as positive Monoclonal antibodies used are summa- 
rized in Table 1. 


RESULTS 


Cytogenetic analysis Studies of peripheral blood cul- 
tured with PHA stimulation revealed a normal 46,XX 
karyotype. Karyotypes performed from bone marrow and 
blood without stimulation are listed in Table 2. Normal 
metaphases were never present. At diagnosis, a single clone 
with t(9;22)(q34;q11) and t(14;14)(q11;q32) translocations 
was identified. In remission, the t(14;14) translocation disap- 
peared. A clone with Ph’ alone was present. At the onset of 
relapse (relapse), the two former clones were simultaneously 
observed. In the terminal phase (relapse;), a clonal evolution 
occurred. The only clone present was 46,XX,t(9;22) 
(q34;q11),t(14;14)(q11;q32),-5,+der(5) (5pter — 
q32::1gter — q23). A simultaneous study of the cytology and 
the cell karyotypes from the same culture medium showed 
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that immature granulocytes bore only Ph!, whereas blast 
cells bore both Ph! and t(14;14). 

Immunologic studies. The results of the immunologic 
studies are listed in Table 3. At diagnosis, blasts had an early 
B cell phenotype (TdT, DR, B4, BA,, J5). At relapse, TdT, 
DR, B4, BA,, and J5 were found in percentages similar to 
those found in the first sample, and two myeloid antigens 
(My 7, My 9) appeared. The percentages of cells expressing 
lymphoid and myeloid markers widely overlapped. These 
results suggest a biphenotypic expression. 


DISCUSSION 

Our case shows t(9;22)(q34;q11),t(145;14)(ql1;q32) in a 
biphenotypic (B lymphoid-myeloid) blastic phase of CML. 
Ph' and 14q+ have seldom been reported together. One 
instance was non-T-, non-B-AL and another" was a 
lymphoid blast crisis of CML, the phenotype of which is 
unknown. Although our case was originally diagnosed as 
ALL, we can assume that it was actually a blastic phase of 
CML because normal metaphase has never been observed. 
During the short remission period, Ph' did not disappear, 
whereas the tandem translocation did. At this time, all 
hematoporetic cell lines were represented and only 596 of 
blast cells were present. Immature granulocytes (but not 
blast cells) are the probable bearers of this Ph! (see Table 2). 
Such findings argue in favor of CML rather than ALL, since 
granulocytes are not thought to be involved in the Ph'- 
positive ALL. At the time of diagnosis, the blast population 
bearing both t(9;22)(q34;q11) and t(14;14)(q11;q32) trans- 
locations was quite homogeneous. Ninety percent of the blast 
cells were present, all suggesting lymphoid lineage (morphol- 
ogy and cytochemistry). This hypothesis was confirmed by 
immunologic characterization: the association of DR, TdT, 
B4, BA,, and J5 markers, all present ın high percentages, 
made the lymphoid nature unequivocal and was strongly 
suggestive of B cell lineage at an early stage of differentia- 
tion. This result is not surprising and is consistent. with 
former findings reported in literature, that most BP-CML 
express the same phenotype as common ALL, and thus are 
usually of B cell lineage. Marker profiles observed in such 
malignancies represent the early stages of normal B cell 
maturation at or before the time of light chain rearrange- 
ment. The association of DR, B4, and J5 is the stage 3 of such 
a maturation (stage 1, DR alone; stage 2, DR, B4, stage 4, 
DR, B4, J5, B1). At relapse, two myeloid antigens (My 7, 
My 9)/*? appeared beside the unchanged initial markers. 
These two markers are restricted to myelomonocytic lineage 
and usually allow differentiation between lymphoid and 


Table 2. Karyotypes and Types of Dividing Cells 

















Cell Cytology in 
No of Cells Studied Mitosis 
Material at Time 
Used Total Normal Abnormal Karyotype of Karyotype 
Diagnosis, January 1985 Bone marrow after 24 hours 16 o 16 46,XX,1(9.22)(q34,q1 1).1(14,14)(q1 1,432) Only blast cells 
Remission, March 1985 Bone marrow after 72 hours 28 0 28 46,XX,t(9,22)(q34,q11) Only immature granulo- 
cytes 
Relapse,, June 1985 Bone marrow after 24 hours 32 0 26 46,XX,t(9,22}(q34,q1 1),1(14, 14)(q1 1,332) Both blast ceils and mme 
6 46,XX,t(9,22)(q34,q11) ture granulocytes 
Relapse;, September 1985 Penpheral blood without stim- 34 [U 34 46,XX,1(9,22)(334,q1 1),t(14,14](q1 1,332) Only blast cells 


ulation after 24 hours 


~—5,+der(5}\(Spter — q32 1qter — q23) 
(see Fig 1) 














t(14:14}(qg1 1:32) IN CML 


tra os 


tupra 


16 
aa 

19 

- 

Fig 1. G-banded karyotype of the patient: hr 
46, XX, t(9; 22)(q34; q11), t(14; 14)q11; 21 


q32), —5. +der(5)(Spter — q32::lqter — q23). 


Table 3. Expression of Differentiation Markers 





Positive Cells (96) 








Surface Bone Marrow Bone Marrow Peripheral Blood 
Marker Diagnosis Relapse, Relapse, 
B1 1 1 4 

B4 80 95 72 
BA, 80 66 34 
BA, ND 47 61 

DR 96 97 95 
T101 ND 6 13 
T11 ND 7 4 

J5 90 91 58 
MY 7 ND 94 70 
MYS9 o 85 80 
TdT Positive Positive Positive 
elg Negative Negative Negative 





ND, not done; clg. cytoplasmic immunoglobulin. 
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myeloid leukemias. The wide overlap in percentages of 
positive cells with myeloid and lymphoid markers suggests 
that blast cells simultaneously exhibit antigens of both 
lineages. The morphology of blast cells did not show any sign 
of myeloid differentiation during the phenotypic evolution. 
Later, in the terminal phase of relapse, a minor population of 
promonocytes appeared. Myeloperoxidase reaction and 
sodium fluoride-sensitive esterase reaction remained nega- 
tive throughout the evolution. At the onset of relapse, a major 
clone with both t(9;:22)(q34;g11) and t(14;14)(qi1:q32) 
reappeared, followed in the terminal phase by an additional 
change involving chromosomes | and 5 in this clone. Thus, 
the presence of identical cytogenetic markers at diagnosis 
and relapse shows that the same malignant clone evolved 
from a classic early B precursor phenotype to a biphenotypic 
lymphoid-myeloid phenotype. 

The translocation t(14;14)(q11;032) has been observed in 
AT and is also closely related to T cell disorders. It has been 
found in T cell lymphoma,? in the Sézary syndrome," and in 
T cell CLL.7^? In the latter, as well as in the case reported by 
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McCaw et al,” the malignant clone has emerged from a 
preexisting AT lymphocyte clone. This tandem translocation 
affects the 14911 region of chromosome 14, in which the 
a-chain gene of the T cell receptor was mapped. In fact, a 
molecular analysis of translocations with a breakpoint in 
14911 has seldom been carried out. In a recent report? 
concerning one case of T acute leukemia with a 
t(1114)(pl 3;41 1) translocation, the a-chain gene has been 
found to be split by the chromosomal breakpoint. Our case 
shows a simultaneous occurrence of B cell markers and a 
translocation usually found in T malignancies, thus raising 
the question of the relationship between chromosomal 
changes and surface marker expression. No history of AT 
was reported in the patient's family. Acid phosphatase 
reaction was negative and the percentages of the two T cell 
markers studied are too low to indicate a T cell phenotype. 
Unfortunately, we could not study a more immature marker, 
such as a CD, Considering the different definitions of 
chromosomal techniques (25,000 kb) and of molecular 
analyses (<50 kb), we can interpret our case as an exception 
in which, despite a typical aspect of tandem translocation, 
the breakpoint occurs far from the a-chain gene locus. 
Alternatively, we can hypothesize that even if the breakpoint 
does occur within the a-chain gene, it may be an ineffective 
rearrangement, without affecting the T cell activation. 


DASTUGUE ET AL 


The significance of the biphenotypic expression remains 
unclear. It has been interpreted as an aberrant gene expres- 
sion of malignant cells."?* Alternatively, the question arises 
of whether or not it may represent a clonal expansion of a 
normal counterpart. In our case, the third chromosomal 
change involving chromosomes | and 5 cannot account for 
the expression of myeloid antigens because this change 
occurred only in the terminal phase (relapse;), 3 months 
after the phenotypic evolution. Because of the constant 
presence of Ph', a reliable marker of stem cells, we can 
assume that this case represents an early precursor recently 
committed to B cell lineage but retaining the potentia! to 
switch to myeloid lineage. The expression of My 7 and My 9 
antigens, usually found on granulocytic and monocytic lin- 
eages as early as the CFU-C stage, may reflect this 
potential switch. Furthermore, the emergence of promono- 
cytes, only detectable by morphology, may also indicate a 
monocytic process of differentiation. Only a molecular 
approach, together with an immunophenotypic and a karyo- 
typic study, will allow a better understanding of such puzz- 
ling cases and the relationship between gene rearrangement 
and gene function. 
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Recipient Immune-Competent T Lymphocytes Can Survive Intensive Conditioning 
for Bone Marrow Transplantation 


By Anna Butturini, Robert C. Seeger, and Robert P. Gale 


Bone marrow transplantation is usually preceded by inten- 
sive chemotherapy and radiation therapy designed to com- 
pletely eliminate recipient immune-competent cells that 
might reject the donor bone marrow. We show that seven 
of 14 bone marrow transplant recipients who received 
intensive conditioning retained circulating T lymphocytes 


AILURE of engraftment and graft rejection are impor- 
tant complications of bone marrow transplantation in 
humans. Graft failure occurs in 20% to 40% of individuals 
with aplastic anemia who receive HLA-identical transplants 
following pretransplantation conditioning with cyclophos- 
phamide.' The incidence is even higher, 40% to 70%, in 
recipients of HLA-mismatched grafts? Graft failure/rejec- 
tion also occurs in recipients of bone marrow transplants for 
leukemia: graft rejection develops in approximately 1% of 
recipients of HLA-identical grafts and 15% of HLA- 
mismatched recipients.’ These incidences increase substan- 
tially, to 15% and 30%, when T lymphocytes are removed 
from the transplanted bone marrow in attempts to prevent 
graft-v-host disease.‘ 

The precise mechanism of graft failure/rejection is 
unknown, and there are no accurate in vitro tests to predict or 
define the mechanisms involved. Considerable indirect data 
suggest an immune basis of graft rejection in most instances. 
These include the observations that graft failure can be 
prevented or substantially reduced using more intensive 
pretransplant immune suppression?* and that a lower inci- 
dence of graft rejection is reported in untransfused patients.’ 
Extensive in vitro data and studies in animals including dogs 
and subhuman primates support the hypothesis that graft 
rejection is immune mediated.*"! 

Despite these data that strongly suggest an immune basis 
of graft failure/rejection, there is no direct evidence in 
humans that immune-competent lymphocytes survive the 
pretransplant conditioning regimen. Most transplant 
patients receive high doses of drugs and radiation that are 
presumed to eradicate recipient lymphocytes completely and 
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that proliferate after incubation with interleukin 2 and 
phytohemaggiutinin and function as effector cells in an in 
vitro model of graft rejection. These T cells may mediate 
graft rejection. 
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irreversibly. However, recent data in monkeys indicate that 
clonogenic T lymphocytes are present in peripheral blood 
following high-dose total-body irradiation, similar to that 
used in humans for pretransplant conditioning.” 

We studied the proliferative and functional properties of 
peripheral blood lymphocytes in transplant patients after 
intensive conditioning regimens. In half of the patients it was 
possible to recover considerable numbers of T lymphocytes 
able to proliferate in vitro in the presence of phytohemagglu- 
tinin (PHA) and recombinant interleukin 2 (IL 2). By 
expanding these cells in long-term culture, we showed that 
they exibit many of the immunologic characteristics of 
normal T cells such as the ability to proliferate in mixed 
lymphocyte culture (MLC) and to develop into cytotoxic 
effector cells in an in vitro model of graft rejection. 


MATERIALS AND METHODS 


Fourteen consecutive patients were studied, six with acute lym- 
phoblastic leukemia, five with acute myelogenous leukemia, two 
with chronic myelogenous leukemia, and one with advanced Hodg- 
kin’s lymphoma. Clinical details are indicated in Table 1. 

Ten to 20 mL of peripheral blood was obtained within 24 hours of 
the last dose of radiotherapy and prior to the infusion of donor bone 
marrow cells. Informed consent was obtained from all individuals. 
Mononuclear cells were isolated on a Ficoll-Hypaque gradient, 
washed three times, and resuspended in RPMI 1640 supplemented 
with glutamine, antibiotics, 12% fetal calf serum, 20 mg/100 mL 
bovine albumin, 10 mg/100 mL human transferrin, and 0.1% of 0.1 
mol/L FeCl,. Viability of mononuclear cells, tested by trypan blue 
dye exclusion, was >95%. 

Cultures were established using 5 to 10 x 10° cells per well in 
24-well plates in 1.5 mL of medium in the presence of 1% PHA 
(Wellcome Reagents, Research Triangle Park, NC) and 100 U/mL 
of recombinant IL 2 (Biogen Research Corp, Cambridge, Mass). 
Culture medium was replaced on days 4, 9, and 15 with fresh 
medium supplemented with PHA and IL 2, and weekly thereafter 
with medium and IL 2. On days 4, 9, and 15, aliquots of cells were 
counted and analyzed for morphology and phenotyped using T3, 
T11, T4, and T8 monoclonal anti- T lymphocyte antibodies (Coulter 
Immunology, Hialeah, Fla) by immunoperoxidase staining. Between 
day 15 and 25 when cell numbers exceeded 2 x 105, half of the cells 
were washed twice, incubated for 24 bours in medium alone, and 
assayed in MLC" with irradiated allogenic stimulator cells. Cells 
generated in MLC were tested for cytotoxicity against PHA- 
stimulated, *'Cr-labeled allogenic lymphocytes. Natural killer 
(NK) activity was tested using K562 as target cells." Clonal growth 
of lymphocytes was assayed in semisolid matrix, and T colonies (>40 
cells) were quantitated using an inverted microscope after ten days 
of culture.'* 
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Table 1. Patient Characteristics and Lymphoid Growth 














Lymphoid 

UPN Age (yr) Sex Disease Chemotherapy TBI (Gy) TU Growth 
463 7 F AML, 2 rem CTX + Ara-C 10 no yes 
464 33 F AML, 1 rem Ara-C 13.50 yes no 
465 5 M ALL, rel CTX + Ara-C 10 no no 
466 18 M ALL, 1 rem Ara-C 13.50 yes yes 
467 25 F AML, 2 rem Ara-C 13.50 yes yes 
468 19 M ALL, rel VBL + CTX 11.25 no no 
469 16 M ALL, 2 rem Ara-C 13.50 yes yes 
470 31 F CML, cp Ara-C 13.50 yes yes 
471 20 M ALL, 2 rem Ara-C 13.50 yes yes 
472 22 M AML, 2 rem Ara-C 13.50 yes no 
473 30 M ALL, rel VBL + CTX 11.25 no no 
474 23 M CML, acc CTX 13.50 yes na 
475 34 F Hodgkin's VBL + CTX 11.25 no no 
476 39 M AML, 1 rem Ara-C 13.50 yes yes 





Abbreviations: UPN, unique patient number; rem, remission; rel, relapse; cp, chronic phase; acc, accelerated phase; TBI, total-body irradiation; TLI, 
total-lymphoid irradiation (2.25 Gy); CTX, Cytoxan (cyclophosphamide); Ara-C, cytosine arabinoside; VBL, vinblastine. 


RESULTS 


Lymphoid cell cultures were established from seven 
patients for periods of 29 to 52 days. Continuous stimulation 
with IL 2 was required for cell proliferation. Cells from the 
other patients showed little or no growth. 

The initial proliferation was characterized by cells with 
abnormal morphology. These cells stained strongly with T11 
and T3 but weakly with T8 and T4. After ten days, the cells 
were replaced by a population with the morphology of 
normal IL 2-activated lymphocytes. The lymphoid origin of 
these cells was further established by reactivity with T11, 
T3, T4, and T8. The T8/T4 ratios in most cultures were 3 to 
1.5:1. T cells from five patients (UPN 466, 467, 470, 471, 
and 476) formed colonies in semisolid matrix; the plating 
efficiency was 107! to 1077. 

T cells from four of five cultures proliferated when cocul- 
tured with allogeneic irradiated stimulator cells. Cells from 
three of four MLCs were cytotoxic for "'Cr-labeled target 
cells syngeneic to the stimulator cells (specific release: 12%, 
16%, and 29%). None of seven lymphocyte cultures tested 
was directly cytotoxic for *'Cr-labeled K562 cells, indicating 
an absence of detectable NK activity. 


DISCUSSION 


This study indicates that viable and potentially functional 
T lymphocytes of both helper (T4) and suppressor (T8) 


phenotype survive intensive pretransplant conditioning regi- 
mens. These cells are able to proliferate after exposure to 
PHA and IL 2, react to disparate HLA antigens in MLC, 
and exhibit cell-mediated cytotoxicity. NK activity was 
absent. Considering the number of T lymphocytes in the 
peripheral blood at the time of the study (0.002 to 
0.008 x 10°/L) and the plating efficacy (10^! to 10°’), it is 
possible that a 70-kg recipient has at least 0.1 to 2.5 x 10° 
lymphocytes that can proliferate and react against the allo- 
geneic donor bone marrow cells. 

In most instances, the limited number of cells that survive 
the conditioning regimen are probably eliminated by donor 
immune-competent cells in the graft. When T cells are 
removed from the transplanted bone marrow, these residual 
host T cells may survive and react against the donor bone 
marrow. Our observations provide a possible explanation of 
graft failure/rejection occurring after bone marrow trans- 
plantation in humans. Furthermore, they suggest that graft 
rejection may be increased in T cell-depleted bone marrow 
transplantation or overcome by more intensive immune 
suppression. Preliminary data supporting both hypotheses 
are available.* 

The approach we describe may aid in developing more 
effective immunosuppressive conditioning regimens since the 
number and reactivity of residual T cells can be determined. 
Ultimately, studies of this nature may clarify the cellular 
mechanism underlying graft rejection. 
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Rearrangement of the ber Gene in Philadelphia Chromosome- Negative 
Chronic Myeloid Leukemia 


By T.S. Ganesan, F. Rassool, A-P. Guo, K.H. Th'ng, C. Dowding, J.A. Hibbin, B.D. Young, H. White, T.O. Kumaran, 
D.A.G. Galton, and J.M. Goldman 


We studied the clinical, hematologic, cytogenetic, and 
molecular biologic features of seven patients with Philadel- 
phia (Ph!) chromosome-negative chronic myeloid leukemia 
(CML). In five cases the hematologic findings were indistin- 
guishable from those of patients with classical Ph'-positive 
disease. Myeloid cells were studied by chromosome-band- 
ing techniques. One patient had a masked Ph! chromosome 
(with translocation t(4;9:22)), one had a deletion involving 
chromosome 16, and one had a small minority population of 
22q- cells without 9q+ but otherwise normal meta- 
phases; metaphases from the other four patients were 


HE MAJORITY of patients with chronic myeloid leu- 
kemia (CML) have a characteristic deletion of a 
portion of the long arm of one chromosome 22, the Philadel- 
phia (Ph') chromosome, in their myeloid cells. The missing 
material is translocated to chromosome 9 such that the usual 
karyotype is described as t(9;22)(q34:q11). In Ph'-positive 
CML the oncogene (c-ab/) normally present on chromosome 
9 is translocated to chromosome 22'? where it comes into 
juxtaposition with the 5' portion of a specific sequence of 
DNA named the breakpoint cluster region (Pcr)? A chimeric 
c-abl-related mRNA has been identified in cells from 
patients with CML and is associated with the presence of a 
fusion protein that has tyrosine kinase activity. Thus 
patients with Ph'-positive CML show evidence of rearrange- 
ment of DNA within the ber region. 

About 10% of patients regarded on clinical and hemato- 
logic grounds as having CML lack the Ph’ chromosome. 
Some of these have a leukemia that is totally indistinguish- 
able from Ph'-positive disease in all other respects, whereas 
in other cases subtle clinical or hematologic features suggest 
that the disease is different. We report results of studying the 
clinical, hematologic, cytogenetic, and molecular biologic 
features in seven patients with Ph'-negative CML. 


MATERIALS AND METHODS 


Patients. We selected for study seven patients who had attended 
the Hammersmith Hospital within the last 2 years with a diagnosis 


entirely normal. DNA prepared from the myeloid cells was 
digested with the restriction enzymes EcoRI, Hindi, BamHi 
and Bglll. Southern analysis using a 0.6-kb fragment of the 
breakpoint cluster region (bcr) gene showed the presence 
in each patient's DNA of a germline fragment together with 
a rearranged fragment or fragments with at least one of 
the restriction enzymes. We conclude that genomic 
changes in the bcr gene characteristic of CML can be 
present in the absence of a Ph! chromosome. 
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of Ph'-negative CML. Their clinical and hematologic features at 
diagnosis are shown in Table 1. 

Granulocyte-macrophage progenitor cell (CFU-GM) as- 
say. Mononuclear cells from the peripheral blood of five of the 
seven patients were cultured in a standard methylcellulose system 
for CFU-GM with mixed lymphocyte culture-conditioned medium 
as the source of colony-stimulating activity.’ Colonies consisting of 
50 or more cells were scored after incubation for 12 days. 

Cytogenetic analysis. Cytogenetic studies were carried out on 
fresh bone marrow cells or on fresh or cryopreserved buffy coat cells 
collected from the patients at the time of diagnosis. Chromosomes 
were prepared according to standard methods and analyzed after 
Giemsa banding.* 

ber gene rearrangement. — Leukemic cells were isolated from the 
peripheral blood or marrow samples, and high-molecular weight 
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Table 1. Clinical and Hematologic Details of Seven Patients With Ph'-Negative CML 





Peripheral Blood at Diagnosis 











x CFU-GM per 
Sex/  Spleen* Hb WBC Platelets —. Differential Wercenteoe of 300 Celi -— 10° Cats Treatment 
Patient — Age tom} lasd) — (x109/).— (x 109/40). BI Pm My + Met Neut Eos Baso Mono Lymph NRBCs NAP (e SEM) and Response 
1 M/24 254 8.3 174 941 6 6 21 41 6 14 o 4 o o 360 + 48 HU, PR 
2 M/58 0 112 170 53 13 28 61 o0 05 O5 6 0 0-12 333 + 30 HU, PR 
3 M/31 o 12.4 46 375 0 0 10 56 17 2 1 14 o NA 340 + BO BU, HU CR. BMT 
4t F/33 o 10.5 77 492 0 05 14 67 2 1 7 8.5 o o ND BU, HU, CR, BMT 
St M/62 3 10.6 105 87 0 4 31 58 o 0 1 2 2 NA ND SRT. CR 
6 F/43 12 10.3 506 319 2 4 28 59 2 3 1 1 0.3 o 324 + 108 — BU, CR 
7 F/54 3 70 163 545 2 4 22 58 2 9 1 1 0.3 O — 4100-425  BU.HU.CR 





Abbreviations: Hb, hemoglobin; HU, hydroxyurea; BU, busulfan; SRT. splenic irradiation: CR, complete hematologic response: PR, partial hematologic response; BMT, bone marrow transplantation; NA, 
not available: ND, not determined; NAP, Neutrophil alkaline phosphatase (normal range. 30 to 100 units}: Bi, blasts: Pm, promyelocytes; My, myelocytes: Met, metamyelocytes; Naut, neutrophil; Eos, 


eosinophil; Baso, basophil; Mono, monocyte; Lymph, iymphocyte; NRBC, nucleated RBC. 
“Spleen size was measured in cm below left costal margin. 
tTwo patients had blood films not typical of Ph'-positive CML. 
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DNA was prepared by standard procedures. All samples of DNA 
were digested with the restriction enzymes BamHI, Bg/ll, EcoRI, 
and Hindlll, separated on a 0.8% agarose gel by electrophoresis, and 
transferred to Hybond-N (Amersham, Buckinghamshire, UK) by 
the Southern technique. The filters were prehybridized and then 
hybridized’ at 43 °C with radiolabeled (?P) probe. The filters were 
washed twice for 60 minutes in 0.1 x SSC (sodium chloride and 
sodium citrate, pH 7.0)/0.1% sodium dodecyl sulfate at 43 °C and 
autoradiographed for three to five days at —70 °C. 

The 0.6-kb intron fragment (bcr-G) was subcloned from a com- 
mercially available ber probe (Oncogene Sciences, Mineola, NY) 
and was labeled by the oligonucleotide priming method to a specific 
activity of 1 to 3 x 10° cpm/ug (Fig 1). 


RESULTS 


The hematologic findings for the seven patients are shown 
in Table 2. Their leukocyte counts ranged from 46 to 506 x 
10*/L at diagnosis. The neutrophil alkaline phosphatase 
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Table 2. Cytogenetic Findings in the Seven Patients 








Source Number of 
Patient of Celis Metaphases Karyotype 
1 PB 38 46, XY 
2 46, XY. del (22}pter—>qi1:) 
2 BM 30 46, XY del (16)pter-322:) 
3 BM* 30 46, XY 
4 PB 20 46, XX 
5 BM* 20 46, XY 
6 PB 25 46, XX 
7 BM 30 46, XX, 1(4;9;22) 


(9pter—9q934::22011—224qter; 
22pter—22911:4p11—*4pter) 





*Except in two cases peripheral blood (PB) or bone marrow (BM) for 
these studies was collected before any treatment was administered. 
Marrow cells from patients 3 and 5 were studied after the patients had 
been treated with chemotherapy and splenic irradiation, respectively. 


Fig 1. (A) Composite of Southern blots from the seven 
patients showing patterns of rearrangement for each patient. 
Lanes 1 to 7 show blots from each patient using DNA digested 
with one of the restrictien endonucleases that showed rear- 
rangement. The numbers correspond to the numbers given to 
each patient in Table 1. Lane 8 contains DNA from a patient with 
Ph'-positive CML digested with EcoRI and hybridized with the 
bcr-G probe. The enzyme in each case is indicated below the 
corresponding lane (E = £coRL B = BamHI, Bg = Bgill, H = 
Hindi, N = Normal banc, R = Rearranged band). (B) Schematic 
representation of the ber region (3) showing the position of the 
probe (bcr-G) used. 


bcr REARRANGEMENT IN PH'-NEGATIVE CML 


score was low in the five patients studied at diagnosis. Two of 
the patients were thrombocytopenic. In each case the bone 
marrow in aspirate smears, trephine sections, or in both was 
hypercellular and showed gross granulocytic hyperplasia 
with maturation and no excess of blast cells. On morphologic 
grounds five patients (nos. 1, 2, 3, 6, and 7) were regarded as 
having a leukemia indistinguishable from Ph'-positive CML. 
In two cases, however, the hematologic features were incon- 
sistent with Ph'-positive CML. Patient 4 had many hypo- 
granular neutrophils, a high percentage and a high absolute 
number of monocytes, and a low basophil count; patient 5 
also had gross morphologic abnormalities in the granulocyte 
series, including hypogranular or agranular myelocytes, 
metamyelocytes, and neutrophils, and he also lacked baso- 
philia. In five of the seven cases, treatment usually effective 
in Ph'-positive CML was effective in restoring the patients’ 
blood counts to normal; in two cases (nos. ] and 2) only 
partial responses were observed. All seven patients were alive 
at the time of writing. Two patients (nos. 3 and 4) had been 
treated by allogeneic bone marrow transplantation and were 
well 2 and 8 months posttransplant, respectively. 

The mean number of CFU-GM for the five patients 
studied was 1,091 + 752 (SEM) per 10° nucleated cells 
plated (range, 324 to 4,100) (Table 1). The corresponding 
mean values for ten patients with untreated Ph'-positive 
CML and for five normal subjects were 947 « 171 (range, 
298 to 2,114) and 9 « 3 (range, 2 to 19), respectively. 

The results of cytogenetic studies are summarized in Table 
2. Patient 7 had a complex translocation, and her karyotype 
may be regarded as showing a masked Ph' chromosome. 
Patient 2 had a deletion involving chromosome 16, but the 
karyotype was otherwise normal. A third patient (no. 1) had 
a minority population of myeloid metaphases that showed 
22q— (but no 9q+), but the majority of metaphases were 
normal. The other four patients had entirely normal karyo- 
types. 

Southern blots prepared from leukemic cells and probed 
with the ber-G probe showed a germline together with an 
abnormal restriction band in digests with one or more 
restriction enzymes in all seven cases (Table 3, Fig 1). 
Germline bands only were seen in DNA from the blood of 
Seven normal subjects (data not shown). 


DISCUSSION 


The definition of Ph'-negative CML is necessarily impre- 
cise because there is no single feature on which the diagnosis 


Table 3. Schematic Representation of bcr Gene Rearrangements 
in the Seven Patients 


Rearrangement Detected With Restriction Enzyme 
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can be firmly based. In general, Ph'-negative CML patients 
differ from Ph'-positive patients in having a smaller spleen at 
corresponding leukocyte counts, more commonly thrombocy- 
topenia at presentation, and a leukocyte differential that may 
lack a peak of myelocytes, may lack basophilia or eosinophil- 
ia, or may show monocytosis. There may also be dysplastic 
changes in the granulocyte series, which are rarely or never 
seen in Ph'-positive disease. Five of the patients reported in 
this paper had a form of CML that was identical with 
Ph'-positive disease, but in two (nos. 4 and 5), some features 
were atypical. In the five patients whose blood was cultured, 
the numbers of CFU-GM were in the range seen in Ph'- 
positive CML and very different from those seen in chronic 
myelomonocytic leukemia or in normal subjects. Four of the 
seven patients had normal karyotypes. The three other 
patients had various chromosomal abnormalities, but none 
had the classic (9:22). 

In one recent retrospective analysis of the hematologic 
features of 25 patients previously regarded as having Ph'- 
negative CML, the authors concluded that all but one case 
could be better reclassified either as examples of the myelo- 
dysplastic syndrome or as chronic myeloproliferative disor- 
ders other than CML." Essentially the same conclusion was 
reached in a retrospective study of 24 patients seen at the 
Mayo Clinic; the authors doubted the existence of Ph'- 
negative CML as a real entity." We believe, however, that 
Ph'-negative CML is a heterogeneous group within which a 
minority of cases are indistinguishable on clinical and hema- 
tologic criteria from Ph'-positive disease. 

We found evidence of rearrangement in the ber region in 
all seven patients studied in this series. These results appear 
to contrast with those of Morris et al who reported evidence 
for bcr rearrangement in only two of their five Ph'-negative 
patients." However, the three patients in that series without 
detectable bcr rearrangement were reclassified as having 
other forms of myeloproliferative disease. It is worth noting 
that we have also studied three other patients, noi included in 
this series, with hematologic features consistent with chronic 
myelomonocytic leukemia; none had evidence of her rear- 
rangement. In another recent report ber rearrangement was 
found only in one of ten Ph'-negative patients"; results of 
using only one restriction enzyme were presented, and dif- 
ferent results might have been obtained if more enzymes had 
been used. 

We cannot at present say whether the c-a5/ gene has come 
into juxtaposition with any portion of the ber gene in these 
Ph'-negative cases, and we do not know whether the rear- 
ranged ber gene is or is not retained on chromosome 22. 
abl-related genetic material was demonstrated on chromo- 
some 22 in one of the cases reported by Morris et al." 
Moreover, Bartram and his colleagues? described a patient 
with clinically typical CML who had a complex chromo- 
somal translocation, t(9:12:22); cytogenetic and molecular 
biologic studies suggested that the ber-abi hybrid gene was 
present but was located on chromosome 12 rather than on 
chromosome 22 as in classic Ph'-positive CML. However, in 
another case of Ph'-negative CML, ber rearrangement was 
demonstrated without apparent translocation involving c-ab/ 
or expression of the novel ab/-related mRNA species. '? Thus, 
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the extent to which c-ab/ is involved with the ber rearrange- 
ment in Ph'-negative CML is not yet clear. 

In conclusion, it seems that involvement of the bcr gene is a 
characteristic feature of CML, whether or not the karyotype 
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is abnormal. It is clear, however, tha: clinically and hemato- 
logically the Ph'-negative cases form a heterogeneous group, 
and the full details of the molecular basis for the variation 
remain to be worked out. 
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A De Novo Intragenic Deletion of the Potential EGF Domain of the Factor IX 
Gene in a Family With Severe Hemophilia B 


By M. Vidaud, C. Chabret, C. Gazengel, L. Grunebaum, J.P. Cazenave, and M. Goossens 


We have studied a family of three patients who were 
severely afflicted with hemophilia B without inhibitor for 
their factor IX genes through the use of factor IX cDNA and 
genomic DNA probes. The patients had detectable (3096 of 
normal) factor IX antigen. DNA hybridization analysis dem- 
onstrated that these patients had a partial intragenic 
deletion in their factor IX gene. This 2.8-kb deletion 


ACTOR IX is the precursor of a serine protease required 
for blood clotting by the intrinsic coagulation pathway.' 
Defects in this factor are inherited as an X-linked trait and 
result in hemophilia B (or Christmas disease), a heteroge- 
neous bleeding disorder that occurs in about one in 30,000 
newborn males.? This heterogeneity, observed at the clinical 
and biochemical levels, probably reflects the existence of a 
large collection of different genetic lesions. In addition, as for 
hemophilia A, new mutations continually arise in various 
populations. Previous molecular screening studies using fac- 
tor IX gene probes have described a series of gross gene 
deletions, mainly associated with the presence of inhibitors? 
and point mutations.’ 

We report a family in which a woman gave birth to three 
male children having severe hemophilia B without inhibitor. 
At the request of the family for a prenatal diagnosis, a study 
was undertaken and an intragenic deletion was found and 
mapped in the factor IX gene. This deletion involved exon d, 
a coding sequence that forms part of the connecting peptide 
region and the first potential growth factor domain of the 
protein.*!° The de novo occurrence of the mutation was 
established, and linkage analysis of DNA polymorphisms in 
other family members revealed that this new mutation had 
taken place in the germ cells of the maternal grandfather. 


MATERIALS AND METHODS 


The probands, three boys with hemophilia B, had less than 0.01 
U/mL factor IX clotting activity (determined by the one-stage assay 
of F IX:C) and 0.3 U/mL factor IX:antigen measured by an 
immunoenzymatic method (Asserachrom FIX:Ag, Stago, Paris) 2 
weeks after transfusion, in several instances. The factor IX:antigen 
was found to be the same in each affected member. The three boys 
had severe disease with frequent (an average of two per month) 
hemarthrosis and repeated hemorrhages. Nuclear DNA was isolated 
from leukocytes in 10 to 20 mL of EDTA-anticoagulated blood or 
from chorionic cells as described previously," and digested with 
Taq\, EcoRI, Hindlll, BamHI, Bgl Wl, and Pvull restriction endo- 
nucleases under conditions recommended by the commercial sup- 
pliers. Southern blotting was carried out as described elsewhere." 
The cDNA fragment cVH and the subgenomic probe VIII* were 
kindly provided by Professor G. G. Brownlee, Oxford University, 
Oxford, England. 


RESULTS 


The family (see Fig 1) was referred to us for prenatal 
diagnosis of hemophilia B, when the carrier mother (HI-1), 
who already had three affected boys (IV-1, IV-2, nonidenti- 
cal twins, and IV-3), was nine weeks pregnant. No DNA 
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included exon d and the surrounding sequences. This exon 
codes for the amino acid sequence from No. 47 through 84 
of the factor IX protein and contains its first potential EGF 
domain; the de novo occurrence of the mutation in the 
grandfather's germ cells was established by linkage analy- 
sis. This specific gene has been named F IX?'***»vs. 

$1986 by Grune & Stratton, Inc. 


studies had been performed before. The DNA samples were 
first analyzed with Tagl, an enzyme that permits detection 
of a polymorphic site that maps adjacent to exon d of the 
factor IX gene. This restriction fragment-length polymor- 
phism (RFLP) can easily be identified with use of probe 
VHL'* The length of the two polymorphic fragments is 1.8 
kb when the polymorphic site is absent and 1.3 kb when this 
site is present. Unexpectedly, instead of the 1.8- or 1.3-kb 
polymorphic fragment and the 5.3-kb invariable fragment, 
the three hemophiliacs had a single 7.0-kb fragment. Their 
mother (HI-1) had three hybridizing fragments measuring 
7.0, 5.3, and 1.3 kb. The fetal DNA (subject IV-4) displayed 
the 5.3- and 1.3-kb band, and in comparison with the DNA 
patterns observed in the mother and the affected bovs, this 
was diagnostic of a normal factor IX gene.' 

Figure 1A shows the pedigree of the family in which the 
mother (I1I-1), an obligate carrier, can be seen to have 
inherited the 1.3-kb Taq] polymorphic fragment from her 
mother (II-1), who is homozygous for this fragment. The 
grandfather (11-2) is hemizygous for the 1.8-kb fragment, 
and his daughters (111-3, H-4, HI-5, and 111-6), except the 
mother of the hemophiliacs, have inherited the two markers: 
the 1.3-kb allele from their mother and the 1.8-kb allele from 
their father. This analysis of the DNA polymorphisms 
revealed that the mutation to the hemophilia B gene occurred 
between generations H and III, in germ cells of subject H-2. 

In order to further explore the abnormality revealed by 
Taql analysis, DNA samples from a normal male, from the 
carrier, and from the hemophiliacs were analyzed with a 
variety of restriction endonucleases (Table 1), using probes 
VII and cVII. Probe VIII is a HindIH/EcoRI genomic 
fragment that contains exon d and 1.7 kb of the adjacent 5' 
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(A) Pedigree of the factor IX-deficient family. Taqi RFLP type is at the top of subject's symbol! when DNA has been analyzed. o, 


carrier female; $, affected; (J, normal. (B) Southern blot analyses of DNAs digested with Taqi and hybridized with the genomic probe Vlll 
from patients, obligate carrier, and normal persons of the family. The size of DNA fragments is expressed in kilobases. (C) Southern blot 
analyses of 1, the carrier mother (il-1); 2, an affected boy (IV-1); and C, a normal male. Filters were hybridized with probe VIII. 


intron. Its use allowed us to demonstrate that the mutation is 
à deletion and to map the border of the deleted region by 
comparative evaluation of the length of the normal frag- 
ments and of the truncated or fused fragments found in the 
abnormal DNA (Fig 1C). Probe cVII, a sequence comple- 
mentary to factor IX mRNA, permitted us to demonstrate 
that the other exon-containing restriction fragments are 
present (data not shown). The deletion involves 2.8 kb of 
DNA: the exon d and the surrounding flanking regions, as 
shown in Fig 2. 


Table 1. Restriction Endonuclease Band Patterns Obtained After 
Blot Hybridization of DNA From the Mother and a Hemophiliac 














Subjects 
i-4 IV-1 Normal 
Taq! 7.0 7.0 
5.3 5.3 
4.3 1.3 {1.8} 
EcoRI 5.4 5.4 
4.8 4.8 
BamHi ~25 ~25 ~25 
Pvul 9.6 9.6 
8.4 8.4 
4.4 4.4 
Hindi 4.6 4.6 
1.8 1.8 
Bg 7.8 7.8 
5.2 5.2 





DISCUSSION 


The patients described in this paper have virtually no 
factor IX:C clotting activity. but detectable factor IX anti- 
gen. They can be classified as CRM-reduced patients with 
antigen in excess of clotting activity. This status raises the 
possibility that an abnormal factor IX molecule with no 
clotting activity is produced in decreased amount." Our 
results indicate that exon d and its junctions with the two 
flanking introns are missing in the defective gene. This exon 
specifies 38 amino acids of the EGF-like growth factor 
domain of the protein, and the unique 8-hydroxyaspartic 
acid occurs at position 64 in this region. Giannelli et a have 
previously reported patients with gross deletions of the factor 
IX gene, and Hassan et alf recently described a deletion 
involving ~33 kb of the gene. The patients described in these 
studies had detectable antibodies against the factor IX 
protein. More recently, Chen et al* have shown that in a 
family, several subjects have an intragenic deletion, involving 
exons e and f of the factor IX gene, without detectable 
inhibitory antibodies in their sera. 

The deletional mutation reported in this paper is also 
located in the middle portion of the gene and is limited to a 
loss of 2.8 kb of DNA containing exon d. We have named this 
mutant F IX?» [t is likely that the defective gene is in 
some manner transcribed and translated. We can postulate 
that exons c and e are linked in the abnormal mature 
messenger RNA, giving rise to a shorter factor IX protein. 


DE NOVO DELETION IN THE FACTOR IX GENE 








The deletion of exon d and its surrounding sequences would 
produce a hybrid intron having the donor site of the intron 
located 5' to the deleted DNA fragment and the acceptor site 
of the next one. This hybrid intron could thus be spliced out. 
The intermediate amount of factor 1X antigen might be the 
consequence of either an instability of the structurally abnor- 
mal protein or an inefficiency of the mRNA maturation 
process. 

Another observation made in this study is the de novo 
occurrence of the mutation. According to the Haldane 
hypothesis, newly arising mutations account for up to one 
third of hemophilia families. In these families, DNA analysis 
can provide reassurance to female relatives about carrier 
status and give additional information about sex difference in 
the mutation rate for hemophilia. In the family presented 
here, the mutation must have originated in the grandfather's 
germ cells, although the possibility of false paternity of the 
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Fig2. The site of the deletion in the abnor- 
mal factor IX gene with EcoRI (E), Hindlll (H), 
Bglll (Bg), BamHi (B), Pvull (P) sites. The orga- 
nization of the normal gene is taken from 
Anson et al. Exons are shown as solid regions 
labeled from a through h. The site of the 
genomic probe Vill is depicted as a bar. The 
lower part of the figure shows the abnormal 
factor IX gene. Only the restriction sites useful 
to mapping of the deletion are represented, 


carrier (III- 1) cannot be excluded. The sisters of the obligate 
carrier woman can be classified as noncarriers on the basis of 
the segregation pattern observed in DNA analyses. In this 
family, the cDNA probe was successfully used for carrier 
detection, genetic counseling, and prenatal diagnosis. 

This small deletion was detected because it lies in part of 
the gene that is complementary to the cDNA probe used to 
analyze the Tagl polymorphic marker. It is likely that many 
similar deletions may go undetected due in part to the large 
size of the factor IX gene, unless they are specifically 
searched for, using a set of DNA probes spanning the entire 
gene. The size of the gene and the extent of heterogeneity of 
the mutations may render difficult the study of molecular 
defects of the factor IX gene. The identification of defective 
genes will be facilitated by the use of DNA polymorphisms, 
although, unfortunately, in this gene only four high- 
frequency polymorphic sites have been discovered to date. 
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The Spectrum of 8-Thalassemia Genes in China and Southeast Asia 


By Haig H. Kazazian, Jr., Carol E. Dowling, Pamela G. Waber, Shangzhi Huang, and Wilson H.Y. Lo 


To make possible prenatal diagnosis of 8-thalassemia in 
China and Southeast Asia by direct detection of mutant 
-globin genes, we have determined the spectrum of 
mutations producing the disorder in this region of the 
world. Seventy-eight Ó-thalassemia genes from Chinese 
and Southeast Asians were randomly obtained, and the 
relevant mutation was characterized in 76 (9896) of them. 
Seven different point mutations were found among the 78 


-THALASSEMIA (f-thal) is a severe disorder of 8- 
8 globin gene expression characterized by hypochromic, 
hemolytic anemia and inherited as an autosomal disorder.'? 
The disease has a high frequency in regions of the world 
endemic for malaria, including the Mediterranean Basin, 
Africa, India, South China, and Southeast Asia. To date, 37 
different point mutations producing 8-thal have been charac- 
terized, and in general each ethnic group appears to carry its 
own set of mutant alleles." Because life expectancy for 
affected individuals carrying two defective 8-globin genes is 
usually 25 years or less even with transfusion therapy,’ 
prenatal diagnosis has been an important option for couples 
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genes studied. Of these seven Ó-thalassemia alleles, two 
constitute 62%, and two others account for 29% of the 
total. Since only four alleles make up 9196 of the mutant 
genes, prenatal diagnosis of -thalassemia in China and 
Southeast Asia should be feasible by simplified techniques 
for direct detection of point mutations. 

e 1986 by Grune & Stratton, Inc. 


in which both members are carriers of a 8-thal gene.’ These 
diagnoses have often been carried out by globin chain 
synthesis studies or DNA polymorphism analyses.'^ Direct 
detection of the mutant gene(s) involved has simplified 
prenatal diagnosis in Sardinia, where nearly all cases of 
B-thal are due to a single mutation, nonsense codon 39." 

To understand the heterogeneity of 8-thal mutations and 
make possible simplified prenatal diagnosis of the disorder in 
China and Southeast Asia, we carried out oligonucleotide 
hybridization analysis on 78 f-thal alleles. Seven point 
mutations in the 8-globin gene account for 98% of the 8-thal 
genes. Therefore, prenatal diagnosis can be provided by 
direct detection of the molecular defect using a small number 
of oligonucleotides. 


MATERIALS AND METHODS 


Our subjects were 8-thal patients and their parents from the cities 
of Guangzhou and Zhangjiang of Kwantung province and Chinese 
and Southeast Asian families residing in the United States and 
Canada referred for prenatal diagnosis. DNA was extracted from 
the leukocytes of EDTA-anticoagulated blood samples and sub- 
jected to analysis of DNA polymorphisms in the 6-globin gene 
cluster as described." Oligonucleotides (19-mers) were synthesized 
on a DNA synthesizer (Applied Biosystems, Foster City, Calif). 
These oligonucleotides were specific for 8-thal mutations at — 29, 
— 28, codon 17, codons 41-42, codons 71-72, IVS-1 nt 5, and [VS-2 
nt 654. Oligomers specific for the normal 8-globin gene sequence in 
these regions were also synthesized. Ten-microgram samples of 
genomic DNA of various subjects were subjected to oligonucleotide 
hybridization analysis with various oligonucleotides as de- 
scribed. '^* 
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Fig 1. 


Oligonucleotide hybridization with probes specific for mutant §-thal alleles. Ten micrograms of genomic DNA from varicus 


individuals heterozygous for 8-thal was digested with BamHI and subjected to electrophoresis in an agarose gel, and the dried gel was 
hybridized with specific oligonucleotides (19-mers). Hybridization and wash conditions were as described.'*™ In panel A, the probe 
(GGTTGAGTCCTTTGGGGAT) is specific for the frameshift 41-42 mutation, and in panel B the probe (GGCATAGAAGTCAGGGCAG! is 
specific for the —28 G-A mutation. Individuals in lanes 1 to 3, five in panel A, and two to four in panel B are positive for the tested mutant 


allele, whereas the remaining individuals in both panels are negative. 
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Tabie 1. Haplotypes of -Thal Chromosomes in China and Southeast Asia 











5 € G, A, Y8, ô 8 3' 
i t t t t ttt ttt No. of 
Haplotype 1 2 3 4 5 678 9101 Chromosomes 
1a * E = = = +++ t 31 
1b * - -— - -+44 =+ 5 
2 + -— — — - +- + 26 
3 x: * * se * T—— +—+ 12 
4 + ~ =- — - +++ + + +4 1 
5 - * iz + + +- +~ + 1 
6 + e = > = +++ t+- 3 
Total 78 





Haplotypes were constructed by family studies as previously reported. '* The DNA polymorphisms examined are (1) Híncll, 5’ to the eglobin gene; (2) 


Hindili, Sy-globin gene IVS-2; (3) Hindlll, *y-globin gene IVS-2; (4) Hincll, ¥3,-globin gene; (5) Hincll, 3’ to the V ,-globin gene; (6) Hinfl, 5' to the 
B-globín gene; (7) HgiAl, B-globin gene: (8) Avall, 8-globin gene IVS-2; (9) Hpal, 3' to the B-globin gene; (10) Hindill, 3’ to the B-globin gene; (11) 


BamHi, 3’ to the 8-globin gene. 


RESULTS 


Seventy-eight 8-thal genes in Chinese and Southeast 
Asians were available for study. Of these, 36 were from 
patients residing in South China, and 35 were from Chinese 
living in the United States and Canada. Seven genes were 
from Southeast Asians: four from Vietnamese and three 
from Laotians. 

These genes were subjected to haplotype analysis," and 
based on this analysis, seven of these 8-globin genes were 
cloned and sequenced." An eighth gene had been sub- 
jected to mRNA sequencing by Chang and Kan. These 
sequence analyses had previously demonstrated the presence 
of seven alleles in China and Southeast Asia. For this study 
we synthesized oligonucleotides specific for these seven 
alleles and determined their frequency among the 78 genes 
available for study. An example of oligonucleotide analysis 
with two mutant probes in shown in Fig 1. These seven 
mutations accounted for 76 of the 78 8-thal genes; two 


uncharacterized 8-thal genes remain in our sample after 
oligonucleotide analyses with a number of mutant probes. 

B-thal genes were present in the six haplotypes of Table 
1." Haplotype | is divided into la and lb based on the 
presence or absence of the polymorphic Hinfl site 5' to the 
B-globin gene. We have reported a number of examples of 
variation in this Hinfl site within a specific 8-thal haplotype 
associated with a specific 6-thal mutation.? In this study both 
alleles found in haplotype 1, IVS-1 nt 654 and frameshift 
41-42, were present in haplotypes la and 1b. Haplotypes 1. 2, 
and 3 have frequencies similar to those previously 
reported." Haplotypes 4, 5, and 6 were rarely observed. 

As in Mediterranean and Indian §-thal, there exists a 
close, but not invariant, association of each haplotype with a 
specific 8-globin mutation (Table 2). The IVS-2 nt 654 allele 
was observed only in haplotype 1, and all but one instance of 
the nonsense 17 allele was found in association with haplo- 
type 2. The —28 mutation was seen most commonly in 


Table 2. Association of 8-Thal Mutations and Chromosomal Backgrounds in Chinese and Southeast Asians 














Mutations 
B-Gene* IVS-2 Frameshift Nonsense —-28 -29 IVS-1 Frameshift 
Framework Haplotype nt 654 41-42 17 A-G A-G nt 71-72 Unknown 

ta 19 12 

1 1b 1 4 
4 1 

2 6 3 
2 12 9 1 1 

3a 3 1 11 
5 Vt 

Total 20 28 10 13 3 1 1 2 
(26%) (36%) (13%) (16%) (496) 





*8-globin gene frameworks are distinguished by the presence or absence of five nucleotide polymorphisms in the B-globin gene, four of which are in 
intron 2 and one is in exon 1. The most common form of the polymorphism is present at all five sites in framework 1, four sites in framework 2, and one 


site in framework 3a.? 


1These genes are present in a 3°-thal patient’? who has 8-gene haplotypes 3 and 5. Since DNA on family members has not yet been available to us, 
either the uncharacterized allele or the nonsense 17 allele could be associated with haplotype 5 and the other with haplotype 3 in this patient. 
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haplotype 3. Only the very common frameshift 41-42 allele 
was seen in two haplotypes, | and 2, which contain different 
8-globin gene frameworks, | and 3a. Finding this allele in 
different 8-globin gene frameworks suggests that it has 
migrated to a new §-globin gene background by an interal- 
lelic gene conversion event) In addition, this frameshift 
41-42 allele accounts for six of the seven 8-thal genes studied 
in Southeast Asians, the remaining 8-thal gene being a 
nonsense 17 allele. Frameshift 71-72, previously speculated 
to be a common mutation in Chinese because of its discovery 
in à common haplotype,® was found to be rare in this 
population. 


DISCUSSION 


Our data suggest that @-thal has now been nearly com- 
pletely characterized in this region of the world. We would 
expect that other mutations to 8-thal exist in this region but 
that they are quite uncommon and have not yet attained 
significant frequencies in the population. Most importantly, 
the data suggest that four alleles account for up to 91% of 
B-thal genes in this region. In comparison, six different 
mutations account for 92% of 8-thal genes in the Mediterra- 
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nean Basin.” Direct detection of mutations, whether using 
specific oligonucleotides, RNA hybridization and RNAse I 
cleavage," or some yet-to-be-discovered method, should be 
feasible for prenatal diagnosis since the number of common 
mutations is relatively small. Such direct detection of muta- 
tions by improved methods should simplify prenatal diag- 
nosis of §-thal in this region. 

In a province-by-province screening for 6-thal in China, 
Yang et al found carrier frequencies of .018 to .055 in four 
provinces, Fukien, Kweichow, Szechuan, and Yunnan.” 
From the carrier frequencies observed and the population of 
each province, we estimate that 1,800 to 2,000 pregnancies 
per year are at 25% risk of 8-thal in the fetus. Wide-scale 
screening for the G-thal trait followed by prenatal detection 
using direct analysis of the mutant genes in couples at risk 
should be highly feasible in the prevention of this disease in 
South China. 
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c-myc and c-fos Expression During Interferon-o Therapy for Hairy Cell 
Leukemia 


By Pierre Lehn, Francois Sigaux, David Grausz, Pascale Loiseau, Sylvie Castaigne, Laurent Degos, 
Georges Flandrin, and Francois Dautry 


Low-dose interferon-a (IFN-o) therapy is consistently 
effective in the treatment of hairy cell leukemia (HCL). In 
two cases of resistance to IFN-o administration, we diag- 
nosed variant HCL, a form of HCL with intermediate 
features between typical HCL and B cell prolymphocytic 
leukemia. We tried to distinguish variant and typical hairy 
cells (HCs) by Northern blot analysis of the oncogenes 
expressed in vivo. We report that variant HCs contain 


AIRY CELL LEUKEMIA (HCL) is a malignancy of 
a late stage of B cell differentiation! that can be 
effectively treated with low-dose interferon-a (1FN-a) thera- 
py? Variant HCL, a recently described rare form of HCL, 
appears as an intermediate disorder between typical HCL 
and B cell prolymphocytic leukemia." We diagnosed two 
new cases of variant HCL (F. Sigaux and G. Flandrin, 
manuscript in preparation) that failed to respond to IFN-a. 
Because the mechanism of the antitumor activity of IFN-a in 
HCL is unknown, our observation offers a unique opportu- 
nity to investigate it. 

A direct effect of IFN-a on the leukemic cells is one 
possible mechanism. Indeed, IFN-« administration leads, 
over the first months of treatment, to a progressive disap- 
pearance of the HCs without evidence of cell differentiation 
or marked effects on normal lymphocytic subpopulations.* 
Previous in vitro experiments with tumor cell lines have 
indicated that quiescent cells are particularly susceptible to 
growth inhibition by IFN.? This suggests a basis for the 
sensitivity of typical HCLs to low-dose IFN-a therapy 
because typical HCs have a very low level of proliferation in 
vivo." Thus, we chose to compare the steady-state MRNA 
levels of c-myc in variant and typical HCs, given that c-myc 
expression is closely associated with cellular proliferation." 
We extended our study to c-fos, which encodes another 
nuclear protein and whose expression seems to be restricted 
to differentiated cells with a low level of proliferation. ^? 


MATERIALS AND METHODS 


Hairy cell samples. After informed consent, human samples 
were obtained. We indicate in Table | the hematologic data of the 
patients before IF N-a therapy as well as the origin and the composi- 
tion of the cell samples obtained by Ficoll-Hypaque density sedimen- 
tation, We restricted our study to the rare HCL patients with 
hyperleukocytosis (the two variant HCL cases and five out of more 
than 50 typical HCL patients included in our clinical trial evaluating 
the efficacy of IFN-a therapy) to ensure high levels of purity of the 
cell samples from the peripheral blood and to provide enough HCs 
for the Northern blot investigation. We also analyzed two splenic 
HCs samples obtained from patients undergoing splenectomy and 
not subjected to IFN-a therapy. Finally, we studied peripheral blood 
samples obtained during low-dose IFN-« therapy. Because we 
analyzed four typical HCL cases immediately after the first admin- 
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c-myc transcripts in contrast to typical HCs, whereas c-fos 
transcripts are detected in both cell types. We also report 
that the mRNA levels of c-myc are not modified in variant 
HCs by IFN-a treatment, whereas the level of c-fos mRNA 
is modulated in both types of HCs. Our findings suggest 
that the failure to modulate c-myc expression in vivo might 
indicate the limits of low-dose IFN-a therapy. 

© 1986 by Grune & Stratton, Inc. 


istration of IFN-« and because IFN-a therapy was ineffective in the 
two cases of variant HCL, neither the hematologic data nor the 
composition of the cell samples was significantly modified at the 
time of RNA extraction. The diagnosis of either typical or variant 
HCL was assessed by morphologic criteria. In all cases, HCs reacted 
with antibodies against HLA-DR, B cell-restricted antigens (BI 
and B4), and with the anti-HC monoclonal antibody Leu-M5 
(aS-HCL3).* 

Northern blot analysis. Total cellular RNA was extracted by 
the guanidinium-cesium chloride method and analyzed by electro- 
phoresis of 15 ug of RNA through 1.2% agarose-formaldehyde gels 
followed by Northern blot transfer to nitrocellulose and hybridiza- 
tion to the onc probes radiolabeled by nick translation." Hybridiza- 
tion was performed at 68 °C in 4x SSPE (1x SSPE: 0.18 mol NaCl, 
10 mmol sodium phosphate, pH 7.0, and | mmol Na; EDTA) 
containing 0.2% sodium dodecyl sulfate (SDS), 0.1% sodium pyro- 
phosphate, and 5 ug/mL of heparin.'* The filters were washed for 
one hour each in 1 x SSPE + 0.1% SDS and 0.5x SSPE + 0.1% 
SDS at 68°C before autoradiography. The v-fos probe was the 
BglIH-Pvull fragment of v-fos, and the c-mye probe was the Clal- 
EcoRI fragment of the human c-myc gene containing the third exon, 
Several precautions were taken to ensure that RNA samples from 
the different patients could be compared. Ethidium bromide was 
used to stain each gel to confirm that equal amounts of RNA were 
loaded on the gel and to control the transfer of RNA from the gel to 
the nitrocellulose filter. The same control RNAs (HL60, K562, 
Ramos, and Molt4) were included on all blots and used as internal 
controls for determining the level of protooncogene expression by the 
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Table 1. initial Hematologic Data and Composition of Cell Samples 
initial Biood Counts Cell Samples 
Origin WBC HCs Monocytes HCs Monocytes Lymphocytes 
Patients Diagnosis Splenectomy of Cells (109/dL) (56) (36) (96) (36) (96) IFN-w* 
1 Typical HCL = blood 18.3 72 0 97 o 3 1 
2 Typical HCL — blood 17.3 58 0 90 o0 10 2 
3 Typical HCL + blood 59.5 85 3 98 9 2 2 
4t Typical HCL * blood 12.5 54 0 92 0 8 2 
5 Typical HCL + blood 13.1 77 o 99 0 1 2 
6 Typical HCL + spleen 99 9 1 — 
7 Typical HCL + spleen ~ 85 1 14 — 
8 Variant HCL + blood 43.0 78 7 95 o 5 1 
9 Variant HCL -— blood 217.0 97 o 97 o 3 1 





*IFN-o therapy: 1, 3 x 10? units daily of recombinant IFN-a;, from Hoffmann-La Roche Inc, Basel, Switzerland; 2, 2 x 10° U/m? three times each 


week of recombinant INF-a, from Schering Corp, Kenilworth NJ. 


tin case 4, the mononuclear cells were depleted of T lymphacytes by sheep erythrocyte rosetting. 


HC samples. The blots were further standardized by hybridizing 
with a mouse f-actin probe. 


RESULTS AND DISCUSSION 


We could detect c-myc transcripts only in the variant HCs. 
These transcripts are of the normal size. Only in sample 9 is 
their level as high as that seen in the control cell lines K562, 
Ramos, and Molt4, but it remains lower than in the HL60 
cell line (Fig 1B). Contrary to c-myc, normal-sized (2.2 kb) 
c-fos transcripts are present in HCs from all patients tested, 
although at variable levels (Fig 1A). The level of c-fos 
mRNA is typical HCs seems to depend on the presence or 
absence of the spleen (Fig 1A and Table 1). In addition (data 
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Fig. 1. Expression of c-fos (A) and c-myc (B) 
before IFN-a therapy. The RNA samples in lanes 1 to 9 
are in an identical order with Table 1. RNA from the 
control cell lines Ramos, Moit 4, K562, and HL60 is 
Shown in lanes 10 to 13, respectively. The arrows 
indicate the position of the ribosomal RNAs. The 
Figure also shows f-actin mRNA levels. 
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not shown), we could not detect c-myb transcripts in both 
types of HCs, although they were present in two of the 
control cell lines, HL60 and Molt4. Harvey-ras mRNA 
accumulates at similar levels in the HCs and in the control 
celi lines; this is consistent with previous studies of Ha-ras 
gene expression in acute and chronic leukemias." Finally, we 
could not detect c-sis messengers. This is of particular 
interest because of the relationship between c-sis protein and 
platelet-derived growth factor (PDGF) and the well-known 
myelofibrosis in HCL. 

Our detection of c-myc transcripts exclusively in variant 
HCs suggests that variant HCL is a more proliferative 
disease then typical HCL. Because we could also detect 
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c-myc AND c-fos EXPRESSION IN HCL 


c-myc transcripts in two cases of B cell prolymphocytic 
leukemias (data not shown), our results strengthen the 
classification of variant HCL as an intermediate disorder 
between typical HCL and B cell prolymphocytic leukemia." 
The heterogeneity of these rare intermediate diseases, 
already reflected in the difference in the c-myc mRNA levels 
in our two cases, could be further analyzed by the study of 
additional cases. 

Our findings of c-fos expression in both typical and variant 
HCs could be related to their mature phenotype since a 
stable expression of c-fos has been reported only in some 
differentiated cells. In the hematopoietic system in which a 
stable expression of c-fos is known in macrophages," our 
results extend the domain of investigation to the B lympho- 
cyte lineage. Recent observations indicate that c-fos tran- 
scripts can be detected during activation of normal human 
peripheral blood lymphocytes.'*? In addition we observed 
noticeable c-fos mRNA levels in prolymphocytic leukemias 
(data not shown). 

To assess further the possible link between c-myc expres- 
sion in variant HCs and their resistance to IFN-a therapy, 
we studied the c-myc mRNA levels during treatment. We 
observed that even after 6 weeks of IFN-a administration, 
c-myc transcripts persisted at constant levels in variant HCs 
(Fig 2C), although they remained undetectable in typical 
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HCs at several time points following the first administration 
of IFN-« (data not shown). In Fig 2B, we also show that the 
level of c-fos mRNA in variant HCs was modified despite the 
ineffectiveness of IFN-a therapy. In four typical HCL cases 
in which IFN-a was effective, a sequential study revealed 
two patterns of c-fos expression after the first administration 
of IFN-a (Fig 2A). In two nonsplenectomized patients, we 
noticed a rapid disappearance of the c-fos transcripts, 
whereas IFN-« induced a transient accumulation of c-fos 
mRNA in two splenectomized patients. These variations of 
c-fos mRNA levels are not due to a generalized change in the 
overall level of mRNA as indicated by the nearly constant 
levels of 8-actin mRNA (Figs 2A and 2D). 

Thus, the expression of c-fos, but not c-myc, in variant 
HCs is modulated by IFN-o administration. The c-mye gene 
is of particular interest because not only is its expression 
closely associated with cellular proliferation but it also has 
been shown in vitro that in the case of growth inhibition of 
cell lines by IFN, a decrease in c-myc mRNA accumulation 
correlates with the antiproliferative activity.” Therefore, the 
failure to modulate c-myc expression might be a good 
indicator of the limits of low-dose IFN-« therapy, even if 
c-myc expression is not solely responsible for the resistant 
phenotype. The meaning of the variation of c-fos expression 
in response to IFN-a remains unclear. 
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Fig2. Expression of c-fos and c-myc during IFN-a therapy. c-fos expression (A) is shown in four typical HCL cases (patients 1, 2, 3, and 
4 in Table 1) at the indicated hours following the first administration of IFN-a. c-fos (B) and c-myc (C) expression are depicted in the two 
variant HCL patients before ( — ) and after (+) 6 weeks of IFN-a therapy. The arrows indicate the position of the ribosomal RNAs, B-Actin 
mRNA levels are also shown. 
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In conclusion, the study of c-myc expression will be helpful 
in the identification of variant HCLs. Our observations 
suggest that the particular sensitivity of typical HCs to 
low-dose IFN-« therapy is related to their very low level of 
proliferation’? because a specific event of the GO-G1 phase 
might be the target of IFN action.” Thus, although one 
cannot preclude other mechanisms, we suggest that the 
cytostatic effect of IFN-a on typical HCs leads to the 
progressive disappearance of the leukemic cell population by 
impairing its renewal, Recent data showing that HCs synthe- 
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size B cell growth factor (BCGF)?! and that IFN-a inhibits 
BCGF-induced proliferation of HCs” are consistent with our 
hypothesis. 
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The 18- to 23-kb Deletion of the Macedonian 58-Thalassemia Includes the Entire 
ó and 8 Globin Genes 


By G.D. Efremov, N. Nikolov, Y. Hattori, |. Bakioglu, and T.H.J. Huisman 


Restriction endonuclease mapping analyses were made of 
DNA from a few members of a Macedonian family with 
hematological characteristics of 6G-thalassemia, ie, micro- 
cytosis, normal HbA, levels, and elevated levels of HbF (7% 
to 14%) with °y (average 40.5%) and ^y! chains laverage 
59.596). A large deletion of 18 to 23 kb was present with a 
5' breakpoint within a 670-bp segment of DNA between 
the Hpal and Ncol restriction sites 5' to the 5 globin gene, 
and a 3' breakpoint between the BamHI and Hpal restric- 


ESPITE SIMILARITIES in hematological abnormali- 
ties in heterozygotes, such as microcytosis, normal 
HbA, levels, and elevated HbF levels ranging between 3% 
and 15%, 68 thalassemia is a mostly heterogeneous condition. 
All types described thus far are characterized by a relatively 
large deletion which includes at least part of the 6 globin gene 
and the 8 globin gene. In some, the deletion is so extensive 
that it also involves the ^y globin gene,'? while in others both 
Sy and ^y globin genes are intact.* In the present paper we 
provide details about another type of °y*y(68)°-thalassemia 
which was found in a Macedonian family and is different 
from the Sicilian** and Spanish?" types. This Macedonian 
type of 68-thalassemia has a deletion of 18 to 23 kb with a 5' 
endpoint close to the 5' end of the ô gene, quite similar to that 
seen in the so-called Sicilian type of 68-thalassemia.** Phe- 
notypic differences between these two types of (08)?-thalas- 
semia are negligible. 


MATERIALS AND METHODS 


Blood samples. These were collected in vacutainers (Becton 
Dickinson, Rutherford, NJ) with EDTA as anticoagulant, and 
transported by the first author from Skopje, Yugoslavia to Augusta, 
Ga. Informed consent was obtained prior to collection. 

Hemoglobin analyses. Methodology has been described in ear- 
lier publications." The previously published 9 to ^» ratios in 
isolated HbF were confirmed with a more accurate reverse phase 
high performance liquid chromatographic (HPLC) procedure 
described by Shelton et al." 

DNA analysis. Genomic DNA was isolated from the white cells 
of 20 mL blood from the propositus (11-4) with the 68-thalassemia- 
B-thalassemia condition, and from three relatives with a simple 
68-thalassemia heterozygosity (father 1-5,'° and two others) using 
the method described by Poncz et al. Restriction endonuclease 
digestions were carried out following the directions of the manufac- 
turers (Bethesda Research Laboratories, Bethesda, Md). Fragments 
were separated on 0.856 agarose gels. Transfer of DNA to nitrocellu- 
lose membranes, hybridization to ?P-labelled probes, and autoradi- 
ography were made as described in previous publications." The 
four probes used were a cloned BamHI/Pvull fragment containing 
the y-IVSIT (y-IVSIHTE probe), a yôl.6BX probe containing the ¥8 
gene (¥8 probe), a 912-bp BamHI/ EcoRI fragment containing the 
large IVSII of the 8 globin gene (8-IVSII probe), and pRK28 
containing the 0.8-kb Bg/ HH / EcoRI fragment from the region 17 kb 
3 to the B globin gene. The probes were obtained from Dr O. 
Smithies and collaborators (Madison, Wis), and from Dr R.E. 
Kaufman (Durham, NC). 
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tion sites located some 9 to 13 kb 3' to the f globin gene. 
This deletion is different from those present in other types 
of G,A,(ó8)"-thalassemia. The similarity of the hematologi- 
cal expression of these 6@-thalassemic conditions which 
have somewhat comparable 5' breakpoints supports the 
idea that an important fetal hemoglobin-controlling region 
lies between the VU and ô globin genes. 

© 1986 by Grune & Stratton, inc. 


RESULTS 


The family. This relatively large family from Strumica 
in Macedonia, Yugoslavia, has been discussed on three 
occasions in previous communications.**? The propositus is 
presently a 13-year-old girl with a 9y^s(58)9-thalassemia- 
B-thalassemia condition who inherited the 6-thalassemia 
determinant from the mother and the 6@-thalassemia from 
the father. Nine relatives (including the father) were known 
to have this 68-thalassemia heterozygosity which is charac- 
terized by a distinct microcytosis and mild hypochromia. The 
HbA, level averaged 2.5% with a range of 2.1% to 3.195; HbF 
by alkali denaturation averaged 10% with a range of 7% to 
14%. This HbF contained °y chains (average 40.5%), ^y" 
chains (average 59.5%), and no detectable ^s! chains. The 
level of HbF in the propositus was 84%; the Sy, ^47, and ^y 
values were 58%, 30%, and 12%, respectively, which reflects 
the dilution effect from the non-*y'-containing HbF of the 
B-thalassemia determinant inherited from the mother, who 
was negative for the ^5! chain. 

DNA analysis. When DNA from one of the 68-thalasse- 
mia heterozygotes was digested with a battery of restriction 
enzymes and analyzed by blot hybridization using a probe 
specific for the 8 globin gene (the 8-IVSII probe) only 
normal-sized fragments were observed. However, all bands 
were more weakly hybridizing than seen for control DNA, 
indicating the deletion of the 8 globin gene. Similar analyses 
with the y-IVSH probe gave normal-sized fragments; all 
bands had the same intensities as in the control indicating the 
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Table 1. Restriction Endonuclease Data for DNA from a Norma! Control and a G,A,{53)°- Thalassemia Heterozygote Following 
Hybridization to the (J and pRK28 Probes 








Enzyme Control Patient 
Detected with the Y8 probe (741.6BX) 
Bgl 11 11 
EcoRI 7.0 7.0 
Bch 7.4 7.4 
EcoRV 16; 3.1; 0.9 16; 3.1, 0.9 
Hpal 14 14 
Xbal 7.5 7.5 
Hindilt 18 18* 
Apal 21.5 21.5; 30 
Ball 16; 5.5 16; 11; 5.5 
Ncol 8.9 10.3; 8.9 
Pvul 14; 11.5¢ 17:14 
BamHi 15.5 15.5; 16 
Detected with the pRK28 probe 
EcoRI 11 11; 7.4 
BamHi 21; 12.7 12.7; 16 
Hpal 23 23 
Hindlll 15.3; 13.7 15.3; 10.5 





Abnormal fragments are underscored. 

* Abnormal-sized fragment was not observed. 

tPolymorphic site. 

This 10.5-kb fragment did not hybridize with the / probe. 


presence of both y globin genes on the affected chromosome. 
Hybridization with the ¥@ probe gave abnormal fragments 
with five enzymes but not with several others (Table | and 
Fig 1). Evaluation of these data using the restriction map of 
Fig 2 indicated that the deletion included the Neol restric- 
tion site just 5' to 6, the Pvull and BamHI sites within the 6 
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gene, and the Hind IH and Ball sites 3' to ô, but not the Hpal 
and Bell sites 5 to 6. These data indicate that the 5' 
breakpoint is located between the Hpal and Ncol sites ciose 
to the 5' end of the à globin gene. This breakpoint is different 
from that of the Sicilian type of (68)°-thalassemia; no 
abnormal Ncol, BamHI, and Pvull fragments were present 
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Fig 1. Hybridization of DNA 
from a normal person (C) and a 
S ,^4188Y-thalassemia heterozy- 
gote (P) with “P-labeled probes 
as indicated. 


-Hd--Hp- 








THE MACEDONIAN TYPE OF 66-THALASSEMIA 873 
yivS-l yót.6 BX diVS-iI BIVS-IE pRK-28 
PROBES d ù LJ LJ Li La 
5' G, Ay wf ó B kpn I repeat 3 
GENES -4E—11———4 -{}- +t} $ 


kb 







Nco I 
Pvu II 


























Eco RI bth th ALS ee ER UMEN 
Hpal 1. re t ttt 
Hind IH . 1 1 17.3 i 18f 13.7 
Boll. db ds TN -— 
" Ae rer BoI ———— GÁ— ———————À Lx 
Fig 2. A map listing a limited number of 
DELETIONS 


restriction endonuclease cleavage sites in nor- 
mal human DNA. The fragments identified in 
the normal control are indicated by the heavy 
lines and by their size in kb. The location of 
restriction enzyme sites in normal DNA is from 
refs 15 and 25. The data indicating the dele- 
tions listed in the bottom section are from refs 
4, 5, 13, and 24. 


in the DNAs of control samples from subjects with a 
heterozygosity or homozygosity for that condition, while the 
characteristic large 23-kb HindIII fragment was readily 
observed.° 

Further experiments involved blot hybridization using the 
pRK28 probe. A normal-sized Hpal fragment of 23 kb was 
observed, but abnormal fragments were present in EcoRI, 
BamHI, and Hind II] digests (Fig 1, Table 1). These results 
locate the 3’ breakpoint of the deletion between the BamHI 
and Hpal restriction sites (Fig 2). The abnormal BamHI also 
hybridized with the V8 probe which made it possible to 
calculate the extent of the deletion. Thus, the maximum size 
of the deletion is from a point close to the 5' end of the 6 gene 
to about 13 kb on the 3' side of the 8 globin gene, or about 23 
kb. This conclusion is considered preliminary because of the 
absence of a large Hindlll fragment hybridizing with both 
VB and pRK28 probes and the relatively small abnormal 
Bam HI fragment. Analyses of sequences of a fragment 
bridging the deletion will be required. 


DISCUSSION 


In some of the types of (68)°-thalassemia that have been 
characterized in recent years, the deletion involves the 8, ô, 
and y8 globin genes, as well as one of the y globin genes (^y); 
as a result the elevated HbF in heterozygotes and homozy- 
gotes contains œ and “y chains.'? Our Macedonian type of 
68-thalassemia should be compared with the Sicilian and 
Spanish types; all three have elevated levels of HbF with both 
Sy and ^y chains*?. For some time the Macedonian óf- 
thalassemia was considered to be similar to the Spanish type: 
heterozygotes have the same hematological data and mor- 
phology, and above all, an elevated HbF with °y and ^s 
chains in a 40:60 ratio.^? Data from gene mapping analyses, 
however, indicate that the three (68)°-thalassemia types are 
quite different. The Sicilian 68-thalassemia has a deletion of 
about 13 kb, involving part of the 6 globin gene and the 8 
globin gene, while that of the Spanish type is much larger 


(df)? -that (Macedonia) 
(6f}°-thal (Sicilian) 
(6f)°-thal (Spanish) 
{6B)°-HPFH (indian) => 
(68)°-HPFH (Black-II) aac 








LLL 




















“Polymorphic sites 


with a 3’ breakpoint beyond sequences to be recognized by 
the pRK28 probe (Fig 2). The presence of the two Hind 
restriction sites, one in each of the two y globin genes of the 
chromosome with the Macedonian type of ó6-thalassemia 
deletion (data not shown), is characteristic for a 7 globin 
gene cluster with the ^y” globin gene (ie, the mutation in the 
^y globin gene resulting in the y% Ile — Thr substitution") 
3' to the °y gene, and has also been observed for the 
chromosome with the Spanish (68)°-thalassemia deter- 
minant.” The deletion in the Macedonian ó8-thalassemia is 
also different from that observed in a Japanese 68-thalasse- 
mia homozygote'*; the Japanese deletion is larger with a 5' 
end located in the vicinity of the 3’ end of the “y globin 
gene. 

A comparison of the deletions of the Sicilian, Spanish, and 
Macedonian (58)9-thalassemias with the Indian type of 
(68)°-HPFH (hereditary persistence of fetal hemoglobin) 
(type HE?) and with a Black type of (58)°-HPFH (Ghanaian 
type, ? or type 1I?) shows that the 5' ends of the deletions are 
quite different (Fig 2). The 3' ends of the deletions in type 
1I? and type I! HPFH are far beyond the sequences 
recognized by the pRK28 probe, and thus vastly different 
from the 3° ends of the Sicilian and Macedonian (68)°- 
thalassemia types but not necessarily from that of the 
Spanish type. In all three types of ó8-thalassemia a region 
between the yp and ô globin genes, which has been presumed 
important for controlling fetal hemoglobin production, "^? is 
not part of the deletion, as is the case for the HPFH 
abnormalities. with their distinctly different phenotypic 
expression. Thus, one wonders if deletion of that region is 
indeed not responsible for the greatly increased level of HbF 
in the HPFH heterozygote, while the unknown sequences, 
newly introduced 5' to or within the ó globin gene, may have a 
much less significantly enhancing effect on the production of 
both y and ^y chains than has been suggested. ^^ However, 
the larger deletion in the Japanese 68-thalassemia condition 
includes the same region, albeit resulting in a different 
hematological condition. These data do not fit this explana- 
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tion, suggesting that other mechanisms may also effect the 
expression of the y globin genes in these óf-thalassemia 
conditions. 
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Acute Lymphoblastic Leukemia in Infants: Evidence for B Cell Origin of Disease 
by Use of Monoclonal Antibody Phenotyping 


By Patricia A. Dinndorf and Gregory H. Reaman 


Since the prognosis of infants with acute lymphoblastic 
leukemia (ALL) is so poor, it has been suggested that these 
leukemias may not be lymphoid in origin, but may originate 
from stem cell, myeloid, or megakaryocytic progenitors. 
Alternately it has been hypothesized that these leukemias 
originate in lymphoid cells at the earliest stages of B cell 
development. Another possibility is that these leukemias 
may be of more than one lineage. Therefore we examined 
leukemic blasts from 12 infants with ALL using monoclonal 


HE MAJORITY of patients diagnosed with acute lym- 
phoblastic leukemia (ALL) in childhood can expect to 
experience long-term disease-free survival.' Infants less than 
one year of age at diagnosis experience a distinctively worse 
outcome.’ Prognostic factors which have been identified in 
ALL include initial white count, age, sex, presence of mass 
disease, and importantly, the immunologic phenotype of the 
leukemic cells.'* The majority of patients can be classified 
into groups whose leukemic cells originate from lymphoid 
cells committed to T cell or B cell differentiation as defined 
by their cell surface characteristics or genomic rearrange- 
ments."'' Thus leukemic cells presumably originate from 
normal cellular counterparts exhibiting well-defined features 
of discrete stages of differentiation, which define biologically 
important characteristics of the disease. 

The majority of infants with ALL exhibit many of the 
clinical factors associated with a poor prognosis, including 
hyperleukocytosis, hepatosplenomegaly, and meningeal leu- 
kemia at presentation.^ It has been noted that leukemic cells 
from these patients generally fail to express antigens asso- 
ciated with T cell (E-rosette receptor), B cell (surface 
immunoglobulin), or B cell commitment (ie, the common 
acute lymphocytic leukemia antigen [CALLA ]) but express 
only HLA/DR. Because infants with ALL have such a poor 
prognosis, it has been suggested that the leukemic cell in this 
disease may not necessarily be lymphoid in origin, but may 
originate from pluripotent stem cells or megakaryocytes, or 
may in fact be of myeloid origin. Alternately, it has been 
suggested that these leukemias may originate from early 
lymphoid cells committed to B cell differentiation that have 
not yet acquired CALLA, but express only the HLA/DR 
antigen.^" It is also possible that they may exhibit antigenic 
determinants of more than one lineage, a characteristic 
which has been recently reported to predict a poor outcome 
for ALL in adults; the expression of myeloid antigens by 
leukemic blasts of adult patients with ALL was recently 
demonstrated to define a group of patients with a distinc- 
tively worse prognosis." 

In order to determine the cell of origin of these leukemias, 
we used a panel of monoclonal antibodies including one that 
reacts with stem cells, as well as antibodies to myeloid and 
megakaryocytic determinants, to examine blasts from 12 
infants with newly diagnosed ALL. In addition, antibodies 
that react. with lymphoid cells were used to examine the 
differentiative state of these leukemic cells. 
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antibodies to myeloid and lymphoid differentiation anti- 
gens. The majority of specimens expressed HLA/DR and 
reacted with B4 (CD19) but failed to react with stem cell, 
myeloid, megakaryocytic, or T cell associated antibodies. 
These results support the speculation that the majority of 
these leukemias arise in cells at the earliest stages of B cell 
commitment, and are not of a myeloid or biphenotypic 
nature. 

e 1986 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Cells. Samples of heparinized marrow were collected at the time 
of initial diagnosis of leukemia. Parental informed consent was 
obtained. Mononuclear cells were separated by Ficoll-Hypaque 
density gradient centrifugation (specific gravity 1.077), and were 
cryopreserved in a viable state with 10% dimethylsulfoxide and 
maintained in the vapor phase of liquid nitrogen. Prior to immuno- 
fluorescent assays, cells were rapidly thawed and washed three 
times. All samples had at least 85% malignant blasts as ascertained 
by examination of Wright-stained cytospin preparations. Viability 
was assessed by trypan blue exclusion, and was greater than 75% in 
all cases. 

Antibodies. Monoclonal antibodies were used in the form of 
ascites fluid at dilutions of 1:250 to 1:500. The antibodies and their 
specificities are presented in Table 1. 12-8, 1G10, SF1. and L4F3 
were provided by Dr Irwin D. Bernstein, antibodies C7E10 and 13.1 
were donated by Dr Diane Nugent, and antibodies 4.1 and 9.6 were 
obtained from Dr Paul Martin, Fred Hutchinson Cancer Research 
Center, Seattle, Wash. Antibody B4 was a gift from Dr Kenneth 
Anderson, Dana Farber Institute, Boston, Mass. 

Immunofluorescent studies. Cells were incubated for 30 min- 
utes with ascites fluid containing monoclonal antibodies, washed 
with phosphate-buffered saline (PBS) and then incubated for 30 
minutes with affinity-purified, fluorescein-conjugated isotype-spe- 
cific goat antimouse immunoglobulin at a dilution of 1:100 (Tago, 
Burlingame, Calif). Cells were examined by fluorescent microscopy 
and 200 cells were counted for each assay. Samples with greater than 
15% cells demonstrating reactivity with the antibody were consid- 
ered positive. 
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Table 1. Specificities of Antibodies and Results of Immunofluorescent Studies on Leukemia Cells 








Antibody Antigen Major Reactivity Results* 
Stem Cell 
12-8" 115 Kd CFU-GM, BFU-E, CFU- 1/12 
Mix 
Myeloid 
1G 10(CD 15)'5'6 X-hapten Granulocytes 0/11 
L4F3'56 62 Kd immature myeloid cells 0/9 
5F1(CDw 14)575 85 Kd Monocytes, nucleated 
red cells, platelets 0/11 
Megakaryocytic 
C7E10" glycoprotein Ib Megakaryocytes, platelets 0/12 
13.1 glycoprotein lIb/Iila Megakaryocytes, platelets 0/12 
B Cell- Associated 
4.1% HLA/DR 9/11 
B4(CD 19j'? 95 Kd Pan-B cell 11/12 
BA-3(CD 10)? 100 Kd CALLA 2/12 
T cell 
9.6/0KT1 1(CD2)"' E-rosette Pan- T cell 0/12 





*Results are the number of patients whose leukemic cell reacted with the antibody per number of patients tested. 


RESULTS 


Clinical characteristics of the patients. The patients 
included in this study ranged from 1 month to 1 1 months of 
age at diagnosis. The mean white count was 2.8 x 10°/uL 
(range 8.7 x 10? to 9.9 x 105/uL). Only one patient had a 
significant proportion (greater than 25%) of cells which 
exhibited L2 FAB (French-American-British) morphology. 
Three patients had central nervous system (CNS) disease at 
diagnosis. 

Reactivity of antibodies with leukemic specimens. The 
reactivity of these samples with the monoclonal antibodies is 
shown in Table 1. All samples tested failed to react with 
myeloid antibodies 1G10, 5F1, or L4F3, and also failed to 
react with the antimegakaryocytic antibodies 13.1 and 
C7E10. One patient (the first patient presented on Table 2) 
reacted with 12-8. None of the blasts tested expressed the 
E-rosette receptor, or expressed surface immunoglobulin. 

Reactivity of the individual samples with antibodies to the 
B cell-associated antigens is presented in Table 2; the 
patients are presented in chronological order of age at 
diagnosis. The majority of samples reacted with 4.1, the 
anti-HLA/DR antibody, and B4. This pattern is seen on 
normal lymphocytes at the earliest stages of commitment to 
B cell differentiation. Two samples also expressed CALLA, 
an antigen that is expressed later in B cell differentiation. Of 
note, these patients were older than 6 months of age at 
diagnosis. In addition, another one of the older infants 
expressed CALLA on 15% of her cells. 


DISCUSSION 


Infants with ALL have the worst prognosis of any group of 
children with this disease.^" Infants with ALL exhibit many 
of the poor prognostic clinical characteristics that have been 
identified, but the outcome of these children is still worse 
than that predicted for older patients (greater than 1 year of 


age) with the same adverse features. These leukemias 
generally fail to exhibit T cell characteristics or express 
CALLA, although the majority express HLA/DR.! The 
absence of specific lymphoid lineage-associated makers, has 
led to speculation that these leukemias may not be lymphoid 
in origin. It has been suggested that they may originate from 
a pluripotent stem cell, micromegakaryocytes, or myeloid 
cells. This has important implications for therapy; the strat- 
egy of ablative induction therapy used in the treatment of 
acute nonlymphocytic leukemia may be a better approach. A 
recent report suggested that patients with ALL whose blast 
cells expressed myeloid-associated antigens experienced a 
worse response to therapy than those whose cells expressed 
exclusively lymphoid antigens." Thus, expression of 
myeloid-associated antigens on the blasts of infants with 


Table 2. B Cell-Associated Antigen Expression of Leukemic Cells 





Pre-B Stage |. ——————» 





Age (mos) HLA/DR B4 CALLA 
11 92 96 -— 
11 92 95 S 
10 ND — 77 
10 — 32 36 

8 95 83 — 
7 96 95 — 
6 69 78 ~ 
5 95 85 — 
4 97 89 -—- 
3 = 92 = 
2 94 93 = 

1 92 93 = 





The results are reported as the percent of cells expressing the antigen 
for the positive samples and specimens with less than 15% are reported 
as —. ND, not done. 


ACUTE LYMPHOBLASTIC LEUKEMIA IN INFANTS 


ALL as an explanation for this dismal response to therapy 
required investigation. 

Others have suggested, however, that these leukemias may 
originate from cells in the earliest stages of commitment to B 
cell differentiation." Nadler et al have presented a schema 
of antigen expression during B cell differentiation." Accord- 
ing to this schema, the first antigen to be expressed is 
HLA/DR, corresponding to stage I (Table 2). At the level of 
stage II development the surface determinant identified by 
the monoclonal antibody B4 is expressed. At the genomic 
level this is the stage where heavy chain immunoglobulin 
gene rearrangements occur. Lymphoblasts at stage HI 
express CALLA and begin to demonstrate immunoglobulin 
light chain gene rearrangements. Subsequently, these cells 
are at the pre-B level when they develop cytoplasmic immu- 
noglobulin. Finally, surface immunoglobulin is expressed 
and the cells are mature B cells. Results of phenotyping by 
these investigators demonstrated that a higher proportion of 
ALL in children less than 2 years of age exhibited the stage 
II pattern. In this study the number of patients less than 1 
year of age (infants) is not reported, so it is unclear what 
portion of these patients were infants. 

The present study of infants less than 1 year of age with 
ALL confirms the hypothesis that the leukemic cells in this 
disease originate from a lymphoid cell at an early stage of 
commitment to B cell differentiation (stage II). Of note, it 
was the infants greater than 6 months of age in this series 
whose leukemic cells expressed CALLA (stage III). 

The leukemic cells of 11 of the 12 infants tested failed to 
react with antibody 12-8, which is expressed on nearly all 


977 


unipotent and multipotent colony-forming cells. This sug- 
gests that these leukemias do not originate from undifferen- 
tiated stem cells. The leukemic cells of all 12 infants also 
failed to react with monoclonal antibodies 1G10 and 5F1, 
antibodies that detect myeloid differentiation antigens. The 
nine samples incubated with L4F3 also failed to react with 
this myeloid differentiation antibody. L4F3 reacts with the 
same antigen identified by MY-9.'* MY-9 was one of the two 
antibodies that were useful in the CALGB study in identify- 
ing leukemias with mixed lymphoid and myeloid characteris- 
tics that displayed a worse response to therapy." In previous 
studies we have demonstrated that in 9596 of cases of 
childhood acute nonlymphocytic leukemia the leukemic 
blasts react with one of these antibodies. '*? 

Finally, it has been suggested that ALL in infants may in 
fact represent a micromegakaryocytic variety of acute non- 
lymphocytic leukemia. None of the cases tested reacted with 
C7E10, the antiglycoprotein Ib, or 13.1, the antiglycoprotein 
Iib/Illa. It has been demonstrated that megakaryocytic 
leukemias express these glycoprotein antigens." 

These data suggest that ALL in infants originates in 
lymphoid cells at a very early stage of B cell differentiation 
and not from other hematopoietic progenitors, nor do their 
leukemic cells express antigens of mixed myeloid and 
lymphoid origin. Phenotypic analysis of the leukemic blast 
cells of a larger number of these patients may provide some 
biologic insights to explain their poor outcome. It will also be 
of interest to analyze whether this early B cell phenotype 
defines a group of older patients who experience a worse 
response to therapy. 
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PHARMACOKINETICS OF FACTOR IX 


To the Editor: 


The recent article by Noe et al' showed that the steady state level 
of factor IX and factor VIH in patients treated with constant 
infusions allowed calculation of the metabolic clearance of factors 
IX and VII. The authors noted that the dose of factor IX given was 
linearly related to the factor IX level but did not note whether there 
was any effect of endogenous factor IX antigen levels or factor IX 
dose on the metabolic clearance rate determined in eight factor IX 
deficient patients. 

Bovine factor IX binds to cultured endothelial cells and on bovine 
aortic slices,??> and Fuchs et al have shown that human factor IX 
clearance in mice is affected by the dose of factor IX given.* These 
observations suggest that factor IX kinetics in humans should be 
nonlinear, since the rate of disappearance probably is affected by the 
amount of factor [X bound to endothelial cells. Data in prior studies, 
however, seem to have been adequately described by the linear 
two-compartment pharmacokinetic model.** 

The data provided by Noe et al were examined to see if factor IX 
follows a linear pharmacokinetic model,’ and it appears that the 
metabolic clearance of factor LX expressed in mL/kg/hour is 
linearly related to dose in U/kg/hour. This relationship holds even if 
data for repeated infusions in individual patients are averaged to 
eliminate the potential bias of repeated studies in one patient on the 


Table 1. Factor IX Dose and Clearance in Eight Hemophilia B 





Patients 
Dose Clearance 
Patient Infusion* (U/kg/hr) ImL/kg/hr) 
1 a 1.36 3.77 
b 1.56 4.00 
2 3.04 5.83 
3 2.37 3.00 
4 a 0.78 2.23 
b 1.71 5.04 
5 a 1.09 2.42 
b 1.38 3.36 
c 1.10 2.20 
d 1.04 3.85 
e 0.51 2.33 
f 0.26 2.56 
6 a 1.02 3.04 
b 0.27 3.01 
7 a 1.59 3.11 
b 1.32 4.39 
c 0.66 2.75 
8 0.61 1.89 





*Repeated infusion studies for patients 1, 4, 5, 6, and 7 are 
designated a-f. 
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Fig 1. Factor IX clearance at indicated doses for 18 infusions 
in eight patients reported by Noe et al.’ The correlation coefficient 
for the least squares regression line shown is 0.71. 


overall data. This relationship of dose and clearance did not hold for 
the factor VIII data (r = 0.26). Table 1 below and Fig | illustrate 
the relationship when the clearance and dose data provided by Noe 
et al are normalized for weight in kilograms. 

The coefficient of determination is 0.50 and the correlation 
coefficient is 0.71. The correlation is significant at the P < 0.001 
level.’ If factor IX infusion followed first-order pharmacokinetics, 
clearance should be the product of the volume of distribution of 
factor IX and its late phase or beta half-life, neither of which should 
change with dose of factor IX given.’ 

These data support the hypothesis that the endothelial cell recep- 
tor for factor IX has an important effect on factor IX clearance, 
perhaps by reversibly binding a portion of the infused material. The 
catabolism of factor IX by human vascular endothelial cells cannot 
be excluded, although this has not been noted in studies of bovine 
factor [X endothelial cell binding. It would be helpful if the authors 
could provide data on the factor IX antigen levels of these patients 
prior to transfusion, since this could also affect the endothelial cell 
binding site. The response to factor IX may not be dramatically 
different at high versus low doses of factor IX, but in individual 
patients with low endogenous antigen levels less of an increase in 
plasma factor IX for a given dose could be expected if the endothelial 
cell site is not occupied 


KENNETH SMITH 

Associate Professor of Pathology and Medicine 
University of New Mexico School of Medicine 
Albuquerque 
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To the Editor: 


An important question to address in any pharmacokinetic study is 
whether the system behaves in a linear or a nonlinear fashion. In his 
letter, Dr Smith argues that factor IX kinetics should not be linear 
because of the potential for nonlinearity in its elimination and/or 
nonlinearity in its distribution due to tissue receptor binding. Our 
data indicate that throughout the dosing range we studied, factor 1X 
administration by continuous infusion behaves linearly. The evi- 
dence for linearity is the excellent fit of the proportional model, ie, 
the regression line passing through the origin, to the relationship 
between the factor IX infusion rates and the plasma factor IX 
activities achieved, as shown in our Fig 1.' This finding demonstrates 
that the Superposition Principle is obeyed by the system. The 
Superposition Principle stees that the response of a system to a 
linear combination of inputs is equal to the sum of the responses of 
the system to the individual inputs. This principle is "... a unique 
property of linear systems; it does not hold for nonlinear systems." 

A mathematically equivalent way of demonstrating the Superpo- 
sition Principle is by showing that the average factor IX clearance 
rate is constant over the dosing range. This is the approach taken by 
Dr Smith. He finds that this test of linearity fails when both the 
clearance rates and the infusion rates are normalized for body 
weight. The statistical significance of this correlation is spurious, 
however, because the value of the correlation is inflated by having 
both of the variates expressed as ratios generated by division by the 
same third variate,’ which in this case is body weight. The correla- 


tion of the unnormalized data does not achieve significance (correla- 
tion coefficient 0.43; 0.05 < P < 0.1). 

It should also be noted that neither reversible binding of factor IX 
to endothelial cells nor elimination by a saturable process such as 
irreversible receptor-mediated uptake by endothelial cells would 
result in the clearance rate of factor IX increasing with increasing 
infusion rates as in Dr Smith's Fig 1. Tissue binding increases the 
volume of distribution of a substance but does not affect its clearance 
rate in the steady state! Saturable elimination processes show 
decreased clearance rates at increased infusion rates.’ 

Finally, we must correct the erroneous definition of clearance rate 
given by Dr Smith. Greenblatt and Koch-Weser state that, for a 
bolus dose in a two-compartment linear pharmacokinetic system, 
clearance rate is equal to the so-called “area” volume of distribution 
times 0.693 divided by the beta phase half-life." An expression for 
clearance rate which is much more useful as it applies to systems 
with any number of kinetic compartments and for any dosing 
scheme, is that clearance rate equals the administered dose divided 
by the area under the concentration-time curve.’ 


DENNIS A. NOE 
WILLIAM R. BELL 


PAUL M. NESS 
Division of Hematology 
Johns Hopkins Hospital 
Baltimore 
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ERRATA 





In the article entitled "Ultrastructural Localization of Coagulation Factor V in Human Platelets" by Wencel-Drake et 


which appeared in the July 1986 issue (Volume 68, Number |, pages 244—249), Figure 2 was not clearly reproduc 
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copies of the journal. It is reprinted below 


& Factor V 


Fig 2. Colocalization of Factor V and Fbg in resting and 
thrombin-stimulated platelets. Resting, permeable platelets were 
stained with a mixture of rabbit antihuman Factor V and rhodami- 
nated goat F(ab’), antihuman Fbg and counterstained with fluores- 
cinated goat F(ab), antirabbit IgG. Antibodies absorbed with 
buffer alone (A and B) demonstrated punctate intracellular stain- 
ing for Factor V which exactly colocalized with Fbg. Incubation of 
the antibody mixture prior to staining with either purified Factor V 
(C and D) or Fbg (E and F) only blocked fluorescence when an 
antibody was absorbed with its parent antigen. When platelets 
were fixed one minute following thrombin stimulation, we noted 
the appearance of large, peripheral immunofluorescent masses 
which are defined as smooth fluorescent structures —0.5 um in 
diameter and which double stained for Factor V and Fbg (G and H, 
arrowheads); Original magnification, x 1,400; Current magnifica- 
tion, x 1,050. 
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In the article by Gelinas et al appearing in the June 1986 issue (Volume 68, pp 1777-1779), the publisher introduced 
error in the title. The correct title is: Chinese ^y HPFH: C to T Substitution at Position — 196 of the ^y Gene Promoter 
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AMERICAN SOCIETY OF HEMATOLOGY 
TWENTY-EIGHTH ANNUAL MEETING 
San Francisco 
December 6-9, 1986 
SUMMARY OF PROGRAM 


Saturday, December 6 
Morning: EDUCATION PROGRAM 
Hemoglobinopathies 
Acute Leukemia 
Myeloma 
Acquired Abnormalities in Platelet Function 
Pediatric Hematology 
Human Retrovirus Infection 
Molecular Genetics 
Hodgkins Disease 
Bone Marrow Transplantation 
Thrombosis 
Transfusion Medicine 
Biological Response Modifiers 
Immune Markers in the Diagnosis and Treatment of 
Hematopoietic Malignancies 


Afternoon: EDUCATION PROGRAM 

Non-Hodgkins Lymphoma 

Acquired Abnormalities in Platelet Function 

Molecular Genetics 

The Chernobyl Disaster: Reflections on the Accident, The 
Problems of a Nuclear Accident Today and Are We 
Prepared 

Oncogenes in Hematopoietic Neoplasms 

Hemoglobinopathies 

Ham Wasserman Lecture: The World Distribution, Popu- 
lation Genetics, and Prevention of the Major Hemoglo- 
bin Disorders 

Acute Leukemia 

Myeloma 

Pediatric Hematology 


SCIENTIFIC SUBCOMMITTEE SYMPOSIA 
Subcommittee on Hemoglobin/Red Cell 
Subcommittee on Pediatric Hematology 
Subcommittee on Transfusion Medicine 
Subcommittee on Leukocyte Physiology 


FORUM ON THE PRACTICE OF HEMATOLOGY 
SYMPOSIUM ON AIDS 


Evening: Welcome Reception 


Sunday, December 7 
Morning: EDUCATION PROGRAM 


Hodgkins Disease 

Human Retrovirus Infection 

Biological Response Mcdifiers 

New Techniques in Education 

Non-Hodgkins Lymphoma 

Bone Marrow Transplantation 

Thrombosis 

Transfusion Medicine 

Oncogenes in Hematopoietic Neoplasms 

Immune Markers in the Diagnosis and Treatment of 
Hematopoietic Malignancies 


SCIENTIFIC SUBCOMMITTEE SYMPOSIA 


Subcommittee on Neoplasia 

Subcommittee on Hemostasis 

Subcommittee on Hematopoietic Growth Factors 
Subcommittee on Immunohematology 


SYMPOSIUM ON FLOW CYTOMETRY 


Afternoon: 


FIRST BUSINESS MEETING 

PRESIDENT’S REPORT TO THE SOCIETY 

STRATTON LECTURE: RADICALS IN THE DE- 
FENSE DEPARTMENT —SUPEROXIDE AND 
THE RESPIRATORY BURST 

PLENARY SESSIONS 


Monday, December 8 
Morning 


Simultaneous Scientific Sessions 
Scientific Poster Sessions 


Afternoon 


Simultaneous Scientific Sessions 
Scientific Poster Sessions 


Tuesday, December 9 
Morning 


PRESIDENTIAL SYMPOSIUM: TRANSFER OF 


GENES 


GENERAL BUSINESS MEETING 


Afternoon 


Simultaneous Scientific Sessions 
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RESEARCH AND CLINICAL TRAINEE 


A Research and Clinical Trainee position is available for MD training in hematology/oncology and bone marrow 
transplantation. Research project in leukemia, BMT, autoimmunity, or cell metabolism. Apply to Dr B.A. Cooper, Room 
A2.02, Royal Victoria Hospital, Montreal, Quebec, Canada H3A IAL. 





2ND INTERNATIONAL SYMPOSIUM 
IMMUNOBIOLOGY IN CLINICAL ONCOLOGY AND IMMUNE DYSFUNCTIONS 


NICE, FRANCE APRIL 4-7, 1987 


Sponsored by the International Society for Preventive Oncology (ISPO) 
French National League Against Cancer, Meriuex Foundation 


Program highlights: Multidisciplinary approach to control of solid and hematologic neoplasias and induced and acquired 
immune dysfunctions. Multifactorial etiology, risk assessment, prognosis, surveillance: oncogenes; autoimmune disorders; 
tumor markers; performance and interpretation of diagnostic tests, cytokinetics, and therapeutic modalities; assessment of 
immunocompetence in cancer patients. Virally transmitted diseases: EBV, Burkitt, NPC; HIV, ARC, AIDS; papilloma, 
hepatitis B. Experimental and clinical trials with: monoclonal antibodies and immunoconjugates; genetic engineering: 
interferons, IL2, LAK cells, TNF; bone marrow transplantation and marrow purging; synthetic immunomodulators and 
vaccines. 

For program details, submission of abstracts, and registration, contact: H.E. Nieburgs, MD, or J.G. Bekesi, PhD, ISPO, 217 
East 85th Street, Suite 303, New York, NY 10028. Telephone: (212) 534-499]. 








THE XI CONGRESS OF THE INTERNATIONAL SOCIETY 
ON THROMBOSIS AND HAEMOSTASIS 
July 6-10, 1987 
Brussels 
Satellite Symposia July 11, 1987 


Joint meetings with the European Society of Cardiology (President, P.G. Hugenholtz; Secretary-General, H. Kulbertus), 
July 7-8, 1987, with the International Society of Blood Transfusion (President, L. Barker; Chairman, A. André; 
Secretary-General, C. Vermylen), July 9-10, 1987; and with the World Federation of Haemophilia (President, F. Schnabel), 
July 9, 1987. In addition to free communication, posters, and poster symposia, there will be two Plenary Session Lectures and 
four State of the Art Lectures daily. The latter are authoritative, comprehensive overviews on a specific topic, especially 
designed for an audience not actively engaged in research in this particular field. At noon a Lunch Session on Novel Techniques 
and Methodology is organized in collaboration with the biomedical industry. President of the Congress: Professor M. 
Verstraete; Secretary-General: H.R. Lijnen, PhD. For further information, return form below to the Center for Thrombosis 
and Vascular Research, Campus Gasthuisberg, Herestraat 49, B-3000 Leuven, Belgium. Please print or type: 





Last name: First Name: 
Employment address: 








City: Postal Code: 

State or country: 
I plan to attend the Congress in Brussels yes . no 
Member of ISEH: yes no 
Student: yes no 





Five main topics of interest: 


Would you be interested in an LT. (Inclusive Tour) ticket covering air transportation and hotel (with fixed dates of arrival and 
departure)? MON IEREDUES T avec PEN no 
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WILMOT CANCER RESEARCH FELLOWSHIPS 


The University of Rochester School of Medicine offers research training to physicians who have completed at least one year 
of residency or research experience. Fellowships will begin July 1, 1987. Opportunities exist in any discipline relevant to the 
cause, diagnosis, treatment, or prevention of cancer, including endocrinology, experimental therapeutics, genetics, hematology, 
immunology, microbiology, molecular and cellular biology, pathology, and radiation oncology. 

Beginning stipends range from $32,000 to $34,000, based on postgraduate experience. There is an annual allowance of 
$5,000 for related research costs. Support is provided for up to three years. 

For further information, contact: Wilmot Cancer Research Fellowship Program, Medical Center Box 601, University of 
Rochester School of Medicine & Dentistry, 601 Elmwood Avenue, Rochester, New York USA 14642. 





BAYLOR UNIVERSITY MEDICAL CENTER, DALLAS, TEXAS 
“ONCOLOGY PRACTICE 1987: A PERSPECTIVE” 
Snowmass. Colorado 
February 1-7, 1987 


For further information, contact: Stephen E. Jones, MD, Sammons Cancer Center #4800, Baylor University Medical 
Center, 3500 Gaston Avenue, Dallas, TX 75246 





THE BLOOD BANK DIRECTORS’ TRAINING PROGRAM 


The New York Blood Center offers a postdoctoral training program for qualified physicians interested in a career in blood 
transfusion services. It is anticipated that persons completing the program will serve as fulltime directors or associate directors 
of regional blood programs or hospital blood banks, research scientists, medical school faculty members, or members of 
government regulatory advisory agencies. In the initial year, the training Fellow receives instruction in immunohematology, 
immunogenetics, tissue typing, cryobiology, virology, blood component preparation, and management in the Greater New 
York Blood Program. In addition, each Fellow is assigned to a participating university-affiliated hospital blood bank in the 
greater New York area for training in clinical transfusion therapy, coagulation studies, and blood bank technology. A second 
year can be arranged to suit individual requirements for more intensive training in one or more areas. The program is 
accredited by the Accreditation Council for Graduate Medical Educations; the entire year is acceptable toward meeting 
eligibility requirements for the subspecialty examination in blood banking of the American Board of Pathology. Requirements: 
(1) an MD degree with a minimum of two years postdoctoral training in clinical medicine or pathology; (2) a New York 
medical license by the beginning of the fellowship year; and (3) US citizenship, permanent residence or exchange visitor status. 
Stipend: Comparable to the fifth year postgraduate training stipend in the New York Area. Application for the program 
beginning July 1, 1987 must be received before December 15, 1986. Further information may be obtained from Robert F. 
Reiss, MD, Director, Clinical Services, The New York Blood Center, 310 E 67th St, New York, NY 10021. 


An Equal Opportunity Employer 





Measures Platelet Aggregation in Whole Blood immediately 

After Venapuncture. 

* No centrifuging required, minimum handling of platelets, 
no loss of giant or heavy platelets. 

+ Requires only 0.5 mi of blood per test. 

* Fast and simple to operate. 

* Single and Dual Channel models available. 

e Also measures platelet aggregation optically in PRP. 


* Optional Luminescence outputs simultaneously measure 
ATP secretion. 


* For in-vitro diagnostic use. 


Whole Blood Aggregomet 


Quick Screen for 
Platelet Disorders* 


Detects 

* aspirin-like defect 

* von Willebrand's 
disease 

* thrombasthenia 

* storage pool defect 
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V.H.A. ENTERPRISES 


Medical Director cies een 


EXPERIMENTAL 
HEMATOLOGIST 


Faculty position with tenure track at the 
Assistant or Associate Professor level in the 
Department of Medical Biology, University 
of Tennessee Memorial Research Center & 
Hospital, Knoxville. The candidate must be 
knowledgable in the field of erythropoiesis. 
Applicants should have a Ph.D. or M.D. and 
at least two years of postdoctoral experience. 
Participation in an ongoing research program 
and ability to develop an independent 
research project are expected. This position is 
available immediately. Send curriculum vitae 
and a statement of career goals to Dr. Robert 
D. Lange, Dept. of Medical Biology, Univer- 
sity of Tennessee Memorial Research Center, 
1924 Alcoa Highway, Knoxville, TN 37920, 
by December 1, 1986. 

An equal opportunity/affirmative action 
employer. 


A Director is sought for the Hoxworth Blood 
Center of the University of Cincinnati College of 
Medicine. This Center is a regional blood center 
for a 13 county tri-state area. It employs 190) 
people including three physicians and three 
Ph.D.'s and distributes over 200,000 blood com- 
ponents annually. Candidates must be board cer- 
tified in an appropriate medical specialty with ai 
minimum of three years’ experience in blood 
center administration and transfusion medicine. 
Demonstrable track record in research and teach- 
ing required. Must qualify for faculty appoint- 
ment at or above level of Associate Professor. 
Interested candidates should send their CV and 
bibliography to Dr. Beatrice C. Lampkin, Chair- 
man, Search Committee, Children's Hospital 
Medical Center, Division Hematology-Oncology. 
Elland and Bethesda Aves., Cincinnati, Ohic 
45229-2899. The Hoxworth Blood Center is ar 
Equal Opportunity Employer. 








LEUKEMIA RESEARCH 
FOUNDATION GRANTS 


The Leukemia Research Foundation, Inc. 
announces funds are available to support research in 
the field of leukemia. Currently two types of grants are 
being funded; research grants, and postdoctoral 
fellowships. 

The following guidelines apply: 


1. Maximum limit is $35,000 for research grants, and 
$20,000 for postdoctoral fellowships. 

. Grants and fellowships are for a one-year period. 

. Institution of affiliation must provide both a report 
of the results of the research and a financial 
report. 

. No funds shall be applied to institutional overhead 
(indirect costs). 

. Preference will be given to researchers new to this 
field. 

. Deadline for receipt of completed grant 
applications is February 15, 1987. 


For further information and for applications, 
contact: 
Hollis R. Brownstein, Chairman 
Medical Advisory Committee 
Leukemia Research Foundation, Inc. 
899 Skokie Blvd., Suite LL14 
Northbrook, Illinois 60062 


daytime phone: 1-312/965-0017 











Medical Director 
Regional Cancer Center 


We are seeking a Medical Director for a Cance 
Center serving a population of over one millios 
located in the Southeastern United States. 

The Center is the result of community interest anc 
involvement in providing cancer diagnosis and treat 
ment through a unique model that combines the 
resources and strengths of community hospitals anc 
a university-based, N.C.L.-designated Comprehen 
sive Cancer Center. 

The Director must have extensive Oncology expe 
rience which includes patient care. The Director is tc 
develop the medical aspect of services to be ren 
dered and must possess proven communicatios 
skills. 

Please submit a curriculum vitae in confidence 
with references to: 


Medical Director — Search Division 
VHAE Consulting Services 

4919 Memorial Highway, Suite 200 
Tampa, Florida 33634 


Human recombinant erythropoietin 
for tissue culture, where quality is 
not compromised for price! 
Compare for yourself! You'll find: 


* Highest Product Performance 
* Consistency Lot-to-lot 
* No Inhibitory or Toxic Effects 
* Best Price / Quality Value Human recombinant erythropoietin 
Unit for unit your research dollar? for research applications requiring a 
goes farther with TCepo! homogeneously purified preparation. 


COMPARISON OF VARIOUS EPO SOURCES * Highest Available Purity (729596) 
* Unparalleled Specific Activity 
(270,000 U/mg) 
* Protein Free Formulation 





Radio- | 
labelling | 
and | 


STRUCTURE OF HUMAN ERYTHROPOIETIN 


CFU-E/105 CELLS 





WANCOUVER? 





LO 
EPO units/m 


Amgen Biologicals / 1900 Oak Terrace Lane / Thousand Oaks, CA 91320 
Toll Free 800-343-7475 / In California 805-499-5725 


itro testin 





: Take a Whole New Look at 





Int. if oducing E ACStar.:: . Lec enjoy the performance 
ease of use and high performance reses iom 


adding accessories: 


FACStar is powerful FACStar is a pleasure to operate ® The FACS AutoMATE “ for auto- 
a Laser-based cell sorter ® All controls accessed ‘rom matic sample mixing and transfer 
a High-sensitivity photo detectors a sitting position = The FACS“ Automated Cell 
for simultaneous four-parameter — * All the information you need Deposition Accessory for sort- 
cell analysis displayed on a single monitor ing preselected numbers of 
* Three data acquisition modes * Control settings storec in cells into microtiter plates 
a High-speed data analysis and memory for instant recall Whatever your cell analysis and 
programming versatility * Menu-driven software and sorting needs, FACStar meets 
"mouse" for easy set-up and them—comfortably. 
analysis Call or write for complete 
information. 





Becton Dickinson immunocytometry Systems 


PO. Box 7375 Denderstraat 24 
Mountain View, CA 94039 B-9440 Erembodegem 
Toll-free (800) 223-8226 Belgium 
Superior Quality in CA, call (800) 821-9796 Tel 053/787830 


For research use oaly. Not for use in human therapeutic 
or diagnostic procedures 
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Consider: 


Thousands o 





Wellcovorin Tablets are dramatically improving the way 
patients are rescued. Often discharged from the hospital 
earlier, more patients are completing their therapy on an 
outpatient basis and 
returning to a more 
normal, comfortable 
lifestyle sooner. 





Burroughs 
3030 Cornwallj 
Wellcome | Research Triaggk 


1tients Rescued 


WELLCOVORIN TABLETS 


(leucovorin calcium) 


For thousands of patients, Wellcovorin Tablets have provided the 
critical blood levels needed for life-saving rescue. The unique 
formulation of Wellcovorin Tablets has been shown to be completely 
bioavailable in a bioavailability study of 120 normal volunteers. 


Blum, Guaspari. et al: NCI Folate Symposium, Jan. 1986 


Wellcovorin Tablets have reduced the cost of leucovorin rescue 
significantly. Before Wellcovorin Tablets, the cost of leucovorin 
increased rapidly and consistently every year. Now, patients pay 
less for Wellcovorin Tablets, and often realize considerable 
savings from a reduction in hospital stays and clinic visits. 


For greater flexibility in oral dosing, Wellcovorin Tablets are 
available in two sizes: 5 mg (scored, bottles of 20 or 190) and 
25 mg (scored, bottles of 25). 


The Proven Considerate Rescue 





WELLCOVORIN TABLETS 


(leucovorin calcium) 


Leucovorin in convenient 
5 mg and 25 mg tablets 


Before prescribing WELLCOVORIN® Tablets, please consult 
complete prescribing information. The following is a brief 
summary. 

INDICATIONS AND USAGE: Wellcovorin (leucovorin 
calcium) is indicated for the prophylaxis and treatment of un- 
desired hematopoietic effects of folic acid antagonists (see 
WARNINGS). 

CONTRAINDICATIONS: Leucovorin is improper therapy 
for pernicious anemia and other megalobiastic anemias 
secondary to the lack of vitamin Be. A hematologic remission 
may occur while neurologic manifestations remain 
progressive. 

WARNINGS: In the treatment of accidental overdosage of 
folic acid antagonists, leucovorin should be administered as 
promptly as possible. As the time interval between antifolate 
administration (e.g. methotrexate) and leucovorin rescue 
increases, leucovorin’s effectiveness in counteracting hema- 
tologic toxicity diminishes. 

PRECAUTIONS: 

General: Following chemotherapy with folic acid antag- 
onists, parenteral administration of leucovorin is preferable 
to oral dosing if there is a possibility that the patient may 
vomit and not absorb the leucovorin. In the presence of perni- 
cious anemia a hematologic remission may occur while 
neurologic manifestations remain progressive. Leucovorin 
has no effect on other toxicities of methotrexate, such as the 
nephrotoxicity resulting from drug precipitation in the kidney. 
Drug Interactions: Folic acid in large amounts may counter- 
act the antiepileptic effect of phenobarbital, phenytoin and 
primidone, and increase the frequency of seizures in suscep- 
tible children. 

Pregnancy: Teratogenic Effects: Pregnancy Category C. 
Animal reproduction studies have not been conducted with 
Wellcovorin. It is also not known whether Wellcovorin can 
cause fetal harm when administered to a pregnant woman or 
can affect reproduction capacity. Wellcovorin should be given 
to a pregnant woman only if clearly needed. 

Nursing Mothers: It is not known whether this drug is ex- 
creted in human milk. Because many drugs are excreted in 
human milk, caution should be exercised when Wellcovorin 
is administered to a nursing mother. 

Pediatric Use: See "Drug Interactions”. 

ADVERSE REACTIONS: Allergic sensitization has been 
reported following both oral and parenteral administration of 
folic acid. 

OVERDOSAGE: Excessive amounts of leucovorin may 
nullify the chemotherapeutic effect of folic acid antagonists. 
DOSAGE AND ADMINISTRATION: Leucovonn is a spe- 
cific antidote for the hematopoietic toxicity of methotrexate 
and other strong inhibitors of the enzyme dihydrofolate reduc- 
tase. Leucovorin rescue must begin within 24 hours of anti- 
folate administration. A conventional leucovorin rescue 
dosage schedule is 10 mg/nr orally or parenterally followed 
by 10 mg/m? orally every six hours for seventy-two hours. If, 
however, at 24 hours following methotrexate administration 
the serum creatinine is 50% or greater than the pre-metho- 
trexate serum creatinine, the leucovorin dose should be im- 
mediately increased to 100 mg/m’ every three hours until the 
serum methotrexate level is below 5 x 105M.!? 

The recommended dose of leucovorin to counteract hemato- 
logic toxicity from folic acid antagonists with less affinity for 
mammalian dihydrofolate reductase than methotrexate (i.e. 
trimethoprim, pyrimethamine) is substantially less and 5 to 15 
mg of leucovorin per day has been recommended by some 
investigators. 4.5 

Bleyer WA: The Clinical Pharmacology of Methotrexate, Cancer, 
41(1):36-51, 1978 

Frei E. Blum RH, Pitman SW, er al: High Dose Methotrexate with 
Leucovorin Rescue: Rational and Spectrum of Antitumor Activity. Am J 
Med. 68:370-376, 1980 

Golde DW, Bersch N, Quan SG: Trimethoprim and Sulpha-methoxazole 
P of Haematoporesis in Vitro. Br J Haematol, 40(3); 363-367 


Steinberg SE. Campbell CL, Rabinovitch PS, et al: The Effect of 
Trimethoprim/Sulfamethoxazole on Friend Erythroleukemia Cells 
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Blood, 55(3): 501-504, 1980 

Mahmoud AAF and Warren KS: Algorithms in the Diagnosis and 
Management of Exotic Disease. XX Toxoplasmosis, J Infect Dis. 135(3) 
493-496, 1977 
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THIS SPACE CONTRIBUTED AS A PUBLIC SERVICE 


You can help us 
raise the colorectal 
cancer cure rate. 





“If everyone over 50 had 
checkups for colorectal 
cancer, the cure rate could be 
as high as 75%," says Dr. 
LaSalle D. Leffall, Jr., past 
president, American Cancer 
Society. " You can t cure it if 
you don't know you have it.” 
But if it’s detected early, the 
cure rate for colorectal cancer 
is very high Your doctor can 
perform the digital and 
proctoscopic exams, and you 
take care of the simple stool 
blood test at home. 

Since men and women are 
equally affected by this disease, 
we urge everyone Over 50 to 
get regular checkups. 

The warning signs for 
colorectal cancer are a change 
in bowel habits and blood in 
the stool. 

People with a family history 
of colon or rectal cancer or 
ulcerative colitis are at higher 
risk and are urged to be 
doubly cautious. 


Checkup Guidelines for 
men and women over 50 
without symptoms: 

* digital exam annually 


* stool blood test annually 

* procto exam every 3 to 5 
years after 2 negative tests 
| year apart. 





No one faces 
cancer alone. 
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American Diagnostica,Inc. offers an 
array of innovative products for the 
study and diagnosis of thrombotic anc 
bleeding disorders: 


i its and methods for Protein C 
antigen and functional activity assay 
in plasma; reagent for Protein S 
determination 


Platelets 


its for t-PA antigen, activity and 
inhibitor assay in plasma 


Standardized third generation 
chromogenic substrates for 
coagulation factor, heparin, Protein C, 
kallikrein and endotoxin assays 


L| 
onoclonal antibody based kits for | — ÈR 
determination of soluble cross-linked v E w— x Blood Coagulation 
fibrin fragments in plasma and serum : * : 


l onoclonal antibody panels to 
hemostasis related antigens; activator 
and coagulation factor zymogens, 
enzymes and inhibitors 


for information contact: 


el 


AMERICAN DIAGNOSTICA, INC. 111 North St./ Greenwich, CT /06830 — In Canada: Inter-Haematol Inc. 3524 Mainway. 
203-661-4331/TLX:221034 AMER UR Burlington, Ont. L7M 148, Tel. 416/335-3003 
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DESCRIPTION: Roferon’-A (Interferon alfa-2a, recombinant/Roche) is a 
sterile protein product for use by injection. Roferon-A is manufactured by 
recombinant DNA technology that employs a genetically engineered E. coli 
bacterium containing DNA that codes for the human protein. Interferon 
alfa-2a, recombinant/Roche is a highly purified protein containing 165 amino 
acids, and it has an approximate molecular weight of 19.000 daltons. The 
purification procedure includes affinity chromatography using a murine 
monoclonal antibody. Roferon-A is supplied as an injectable solution. The 
solution is coloriess and contains Interferon alfa-2a, recombinant/Roche, 
phenol as a preservative, sodium chloride for isotonicity and human serum 
albumin as a stabilizer. Fermentation is carried out in a defined nutrient 
medium containing the antibiotic tetracycline hydrochloride, 5 mg/liter. How- 
ever, the presence of the antibiotic is not detectable in the final product 

Each vial of Roferon-A contains 3 million or 18 million international units (IU) 
of Interferon alfa-2a, recombinant/Roche. The specific activity of Interferon 
alta-2a, recombinant/Roche, is 2 x 10° [U/mg protein. The route of 
administration is subcutaneous or intramuscular. 

CLINICAL PHARMACOLOGY: The mechanism by which Interferon alfa-2a 
recombinant/Roche, or any other interferon, exerts antitumor activity is not 
clearly understood. However, it is believed that direct antiproliferative action 
against tumor cells and modulation of the host immune response play 
important roles in the antitumor activity. 

The biological activities of Interferon alfa-2a, recombinant/Roche are 
species-restricted, i.e., they are expressed in a very limited number of spe- 
cies other than humans. As a consequence, preclinical evaluation of 
Interferon alfa-2a, recombinant/Roche has involved in vitro experiments with 
human cells and some in vivo experiments.’ Using human cells in culture, 
interferon alfa-2a, recombinant/Hoche has been shown to have antiprolifer- 
ative and immunomodulatory activities that are very similar to those of the 
mixture of interferon alfa subtypes produced by human leukocytes. In vivo, 
Interferon alfa-2a, recombinant/Roche has been shown to inhibit the growth 
of several human tumors growing in immunocompromised (nude) mice. 
Because of its species-restricted activity, it has not been possible to 
demonstrate antitumor activity in immunologically intact syngeneic tumor 
model systems, where effects on the host immune system wouid be 
observable. However, such antitumor activity has been repeatedly demon- 
strated with, for example, mouse interferon-alfa in transplantable mouse 
tumor systems. The clinical significance of these findings is unknown. 

The metabolism of Interferon alfa-2a. recombinant/Roche is consistent with 
that of alfa interferons in general. Alfa interferons are totally filtered through 
the glomeruli and undergo rapid proteolytic degradation Suns tubular 
reabsorption, rendering a negligible reappearance of intact alfa interferon in 
the systemic circulation. Small amounts of radiolabeled interferon aifa-2a, 
recombinant Roche appear in the urine of isolated rat kidneys, suggesting 
near complete reabsorption of interferon alfa-2a, recombinant/Roche 
catabolites. Liver metabolism and subsequent biliary excretion are 
considered minor pathways of elimination for alfa interferons. 

The serum concentrations of interferon alfa-2a, recombinant/Roche 
reflected a large intersubject variation in both healthy volunteers and patients 
with disseminated cancer. 

In healthy people, interferon alfa-2a, recombinant/Roche exhibited an 
elimination half-life of 3.7 to 8.5 hours (mean 5.1 hours), volume of 
distribution at steady-state of 0.223 to 0.748 L'kg ‘mean 0.400 L'kg) and a 
total body clearance of 2.14 to 3.62 mL/min/kg (mean 2.79 mL/min'kg) after a 
36 million IU (2.2 x 10° pg) intravenous infusion. After intramuscular and 
subcutaneous administrations of 36 million IU, peak serum concentrations 
ranged from 1500 to 2580 pg/mL (mean 2020 pg/mL) at a mean time to peak 
of 3.8 hours and from 1250 to 2320 pg/mL (mean 1730 pg/mL) at a mean 
time to peak of 73 hours. respectively. The apparent fraction of the dose 
absorbed after intramuscular injection was greater than 80% 

The pharmacokinetics of Interferon alfa-2a, recombinant/Roche after single 
intramuscular doses to patients with disseminated cancer were similar to 
those found in healthy volunteers. Dose proportional increases in serum 
concentrations were observed after single doses up to 198 million IU. There 
were no changes in the distribution or elimination of interferon alfa-2a. 
recombinant/Roche during twice daily (0.5 to 36 million IU), once daily (1 to 
54 million IU), or three times weekly (1 to 136 million IU) dosing regimens up 
to 28 days of dosing. Multiple intramuscular doses of interferon alfa-2a, 
recombinant/Roche resulted in an accumulation of 2 to 4 times the single 
dose serum concentrations. Pharmacokinetic information in patients with 
hairy cell leukemia is presently unknown. 

The acute parenteral toxicity of Interferon aifa-2a. recombinant/Roche has 
been studied in mice, rats, rabbits and ferrets at doses up to 30 million IU/kg 
intravenously, and 500 million IU/kg intramuscularly. No treatment-related 
mortality was noted in any species given Interferon alfa-2a. recombinant 
Roche by any of the routes of administration. 

Effects on Hairy Cell Leukemia: During the first one to two months of 
treatment of patients with hairy ceil leukemia. significant depression of 
hematopoiesis was likely to occur. Subsequently. there was improvement in 
circulating blood cell counts. 

Of the 75 patients who were evaluable for efficacy following at least 16 
weeks of therapy, 46 (61%) achieved complete or partial response. 
Twenty-one patients (28%) had a minor remission, eight (11%) remained 
stable, and none had worsening of disease. All patients who achieved either 
a complete or partial response had complete or partial normalization of all 
peripheral blood elements including hemoglobin evel, white blood celi, 
Neutrophil, monocyte and platelet counts with a concomitant decrease in 
peripheral blood and bone marrow hairy cells. Responding patients also 
exhibited a marked reduction in red blood cell and platelet transfusion 
requirements, a decrease in infectious episodes and improvement in 
performance status. The probability of survival for two years in patients 
receiving Roferon-A (94%) was statistically increased compared to a 
historical control group (7596). 
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INDICATIONS AND USAGE: Roferon-A is indicated for use in the treatment 
of hairy cell leukemia in people 18 years of age or older. Studies have shown 
that Roferon-A can produce clinically meaningful regression or stabilization 
of this disease, both in previously splenectomized and nonsplenectomized 
patients? 

Prior to initiation of therapy, tests shou'd be performed to quantitate 
peripheral blood hemoglobin, platelets, granulocytes and hairy cells and 
bone marrow hairy cells. These parameters should be monitored periodically 
(e.g., monthly) during treatment to determine whether response to treatment 
has occurred. If a patient does not respond within six months, treatment 
should be discontinued. ita response to treatment does occur. treatment 
should be continued until no further improvement is observed and these lab- 
oratory parameters have seen stable tor about three months. It is not known 
whether continued treatment after that time is beneficial. Studies are in 
progress to evaluate this question. 

CONTRAINDICATIONS: Roferon-A is contraindicated in patients with 
known hypersensitivity to alfa interferon, mouse immunoglobulin or any 
component of the product 

WARNINGS: Roferon-A snould be administered under the guidance of a 
qualified physician. (See DOSAGE AND ADMINISTRATION.) Appropriate 
management of the therapy and its complications is possible only when 
adequate diagnostic and treatment facilities are readily available 

Roferon-A should be usec with caution in patients with severe preexisting 
cardiac disease, severe renal or hepatic disease, seizure disorders and/or 
compromised central nervous system function 

Because of the possibilityof severe or even fatal adverse reactions, patients 
should be informed not only of the benefits of therapy but also of the risks 
involved. 

Roferon-A should be administered witn caution to patients with cardiac 
disease or with any history of cardiac illness. No direct cardiotoxic effect has 
been demonstrated, but iè is likely that acute, self-limited toxicities (/.e., fever, 
chills) frequently associated with Roferon-A administration may exacerbate 
preexisting cardiac conditons. Rarely. myocardial infarction has occurred in 
patients receiving Roferon-A. 

Caution should be exercised when administering Roferon-A to patients with 
myelosuppression. 

Central nervous system adverse reactions have been reported in a number 
of patients. These reacticns included decreased mental status. exaggerated 
central nervous system function. and dizziness. More severe obtundation 
and coma have been rarely observed. Most of these abnormalities were mild 
and reversible within a few days to three weeks upon dose reduction or 
discontinuation of Roferon-A therapy. Careful periodic neuropsychiatric 
monitoring of all patients :s recommended. 

Leukopenia and elevation of hepatic enzymes occurred frequently but were 
rarely dose-limiting. Thrombocytopenia occurred less frequently. Proteinuria 
and increased cells in urinary sediment were also seen infrequently, Rarely, 
significant hepatic, renal and myelosuppressive toxicities were noted. 
PRECAUTIONS: Genera? In all instances where the use of Roferon-A is 
considered for chemotherapy, the physician must evaluate the need and 
usefulness of the drug against the risk of adverse reactions. Most adverse 
reactions are reversible ifdetected early. if severe reactions occur, the drug 
should be reduced in dosage or discontinued and appropriate corrective 
measures should be taken according to the clinical judgment of the 
physician. Reinstitution oí Roferon-A therapy should be carried out with 
caution and with adequate consideration of the further need for the drug and 
alertness as to possible recurrence of toxicity. 

The minimum effective dese of Roferon-A for treatment of hairy cell 
leukemia has not been established. 

Information for Patient: Patients should be cautioned not to change brands 
of interferon without medical consultation, as a change in dosage may 
result. Patients should be informed regarding the potential benefits and risks 
attendant to the use of Referon-A. if home use is determined to be desirable 
by the physician, instructions on appropriate use should be given, including 
review of the contents of tne enclosed Patient Information Sheet. Patients 
should be well hydrated, especially during the initial stages of treatment. 
Laboratory Tests: Periodic complete blood counts and liver function tests 
should be performed durmg the course of Roferon-A treatment. They should 
be performed prior to therapy and at appropriate periods during therapy. 
Since responses of hairy«cell leukemia are not generally observed for one to 
three months after initiation of treatment, very careful monitoring for severe 
depression of blood cell eounts is warranted during the initial phase of 
treatment. 

Those patients who have preexisting cardiac abnormalities and/or are in 
advanced stages of cancer should have electrocardiograms taken prior to 
and during the course of ireatment. 

Carcinogenesis, Mutagenesis and Impairment of Fertility: 

Carcinogenesis: Roferon-A has not been tested for its carcinogenic potential» 
Mutagenesis: A. Internai studies— Ames tests using six different tester 
strains, with and without metabolic activation, were performed with 
Roteron-A up to a concentration of 1920 j.g/plate. There was no evidence of 
mutagenicity. 

Human lymphocyte cultures were treated in vitro with Roferon-A at 
noncytotoxic concentrations. No increase in the incidence of chromosomal 
damage was noted. 

B. Published studies— There are no published studies on the mutagenic 
potential of Roferon-A. However, a number of studies on the genotoxicity of 
human leukocyte interfeson have been reported. 

A chromosomal defect following the addition of human leukocyte interferon 
to lymphocyte cultures from a patient suffering from a lymphoproliferative 
disorder has been reported. 

in contrast, other studies have failed o detect chromosomal abnormalities 
following treatment of lymphocyte cu'tures from healthy volunteers with 
human leukocyte interferon. 

it has also been shown tsat human leukocyte interferon protects primary 
chick embryo fibroblasts from chromosomal aberrations produced by 
gamma rays. 

Impairment of Fertility: Roferon-A has been studied for its effect on fertility in 
Macaca mulatta (rhesusanonkeys). Nonpregnant rhesus females treated 
with Roferon-A at doses of 5 and 25 million [U/kg/day have shown menstrual 
cycle irregularities, including prolonged or shortened menstrual periods and 
erratic bleeding; these cycles were considered to be anovulatory. These 
monkeys returned to a normal menstrual rhythm following discontinuation of 
treatment. 

Drug interactions: Interactions between Roferon-A and other drugs have not 
been fully evatuated. 
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PREGNANCY: Teratogenic Effects: Pregnancy Category C. Roferon-A has 
been shown to demonstrate a statistically significant increase in abortifacient 
activity in rhesus monkeys when given at approximately 20 to 500 times the 
human dose. A study in pregnant rhesus monkeys treated with 1, 5 or 25 
million U/kg/day of Roferon-A in their early to midtetal period (days 22 to 70 
ot gestation) has failed to demonstrate teratogenic activity for Roferon-A. 
There are no adequate and well-controlled studies in pregnant women. 
Nonteratogenic Effects: Dose-related abortifacient activity was observed in 
pregnant rhesus monkeys treated with 1, 5 or 25 million IU/kg/day of 
Roferon-A in their early to midfetal period (days 22 to 70 of gestation). A 
late-fetal period study (days 79 to 100 of gestation) is in progress and as yet 
there have been no reports of any increased rate of abortion. 

Usage in Pregnancy: Safe use in human pregnancy has not been estab- 
lished. Therefore, Roferon-A should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. Information from 
primate studies showed dose-related menstrual irregularities and an 
increased incidence of spontaneous abortions. Therefore, fertile women 
should not receive Roferon-A unless they are using effective contraception 
during the therapy period. 

Male fertility and teratologic evaluations have yielded no significant adverse 
effects to date. 

Nursing Mothers: It is not known whether this drug is excreted in human 
milk. Because many drugs are excreted in human milk and because of the 
potential for serious adverse reactions in nursing infants from Roferon-A, a 
decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the mother. 

Pediatric Use: Safety and effectiveness in children under 18 years of age 
have not been established. 

ADVERSE REACTIONS: The following data on adverse reactions are 
based on the subcutaneous or intramuscular administration of Roferon-A as 
a single agent for the treatment of 63 patients with hairy cell leukemia during 
investigational trials in the United States. 

Flu-like syndromes consisting of fatigue (89%). fever (98%), chills (64%), 
myalgias (73%) and headache (71%) occurred in the majority of patients and 
tended to diminish with continuing therapy. Other side effects such as 
anorexia (46%), nausea (32%), emesis (10%), diarrhea (29%), dizziness 
(21%), rash (18%), change in taste (1395), dryness or inflammation of the 
oropharynx (16%), dry skin or pruritus (1396) and weight loss (14%) were 
observed with moderate frequency. Less commonly, diaphoresis (8%), 
paresthesias (6%), numbness (6%), partial alopecia (8%), reactivation of 
herpes labialis (8%), transient impotence (6%) and arthralgias (5%) were 
also observed, Rarely (-: 396), central nervous system effects including 
decreased mental status, depression, visual disturbances, sleep distur- 
bances and nervousness, as well as cardiac adverse events, including 
hypertension, chest pain, arrhythmias and palpitations, were reported. 
Adverse experiences which occurred rarely and may have been related to 
underlying disease, included epistaxis, bleeding gums, ecchymosis and 
petechiae. Miscellaneous adverse events, such as night sweats, urticaria, 
conjunctivitis and inflammation at the site of injection, were also rarely 
observed, 

Roferon-A has also been evaluated for the treatment of many other types of 
cancer under investigational trials in the United States. These studies 
generally utilized higher doses (12 to 50 million IU/m2). All of the previously 
described adverse reactions which occurred in patients with hairy cell 
leukemia were also observed in patients receiving higher doses. The inci- 
dence of most adverse reactions was similar between the two groups, but 
tended to be more severe in patients who received higher doses of 
Roferon-A. Some additional adverse effects which occurred in these patients 
included confusion (10%), hypotension (6%), lethargy (3%) and edema 
(3%). Adverse experiences occurring in less than 1% of these patients and 
observed only in patients with malignancies other than hairy cell leukemia 
are as follows: Gastrointestinal— abdominal fullness. hypermotility and 
hepatitis; Central Nervous System--gait disturbance, poor coordination, hal- 
lucinations, syncope, seizures, encephalopathy, psychomotor retardation, 
coma, stroke, transient ischemic attacks, aphasia, aphonia, dysarthria, 
dysphasia, forgetfulness, amnesia, sedation, apathy, anxiety, emotional labil- 
ity, irritability, hyperactivity, involuntary movements, claustrophobia and ioss 
of libido; Peripheral Nervous System—muscle contractions; Cardiovascular 
—congestive heart failure, pulmonary edema, myocardial infarction, 
Raynaud's phenomenon and hot flashes; Pulmonary—bronchospasm and 
tachypnea; Miscellaneous—excessive salivation and flushing of skin 
Abnormal Laboratory Test Values: The percentage of patients with hairy cell 
leukemia or with other types of malignancies who experienced a significant 
abnormal laboratory test value at least once during their treatment is shown 
in the following table: 


ABNORMAL LABORATORY TEST VALUES 


Hairy Cell Overall 
Leukemia Satety Summary* 
(n= 63) (n = 1019) 
Hematologic 
Leukopenia 59% 69% 
Neutropenia 39% 58% 
Thrombocytopenia 42% 4295 
Decreased Hemoglobin 36% 6.3% 
Decreased Hematocrit 43% 12.5% 
Mean Time to Nadir 
WBC 38 days 22 days 
Platelets 19 days 17 days 
Hepatic 
SGOT 47% 78% 
Alkaline Phosphatase 18% 48% 
LDH 12% 47% 
Bilirubin 1.6% 31% 
Renal'Urinary 
BUN 296 10% 
Serum Creatinine 3% 10% 
Uric Acid" 6% 15% 
Proteinuria’ 10% 25% 
Other Chemistry Tests 
Hypocaicemia 10% 51% 
Elevated FBS’ 33% 39% 


Elevated Serum Phosphorus 2% 17% 
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*Patients with hairy cell leukemia are irícluded in this overall summary. 

‘The majority of abnormal uric acid values and proteinuria were of minimal 
severity. Since these abnormalities are commonly observed in patients with 
advanced malignancy, it is difficult to ascertain their relationship to 
Roferon-A treatment. 

‘Random glucose determination. 

Neutralizing antibodies to Roferon-A were detected in approximately 27% of 

all patients {3.4% for patients with hairy cell leukemia). No clinical sequelae 

of their presence have been documented thus far, Antibodies to human 
leukocyte interferon may occur spontaneously in certain clinical conditions 

(cancer, systemic lupus erythematosus, herpes zoster) in patients who have 
never received exogenous interferon.* 

DOSAGE AND ADMINISTRATION: Hairy Cell Leukemia— The induction 

dose of Roteron-A is 3 million IU daily for 16 to 24 weeks, administered as à 

subcutaneous or intramuscular injection. Subcutaneous administration is 

particularly advisable for, but not limited to, thrombocytopenic patients 

(platelet count «:50,000) or for patients at risk for bleeding. The recom- 
mended maintenance dose is 3 million IU, three times per week. Dosage 
reduction by one-half or withholding of individual doses may be needed when 
severe adverse reactions occur. The use of doses higher than 3 million IU is 
not recommended. 

Patients should be treated for approximately six months before the physician 
determines whether to continue therapy in patients who respond or 
discontinue therapy in patients who did not respond. Patients with hairy cell 
leukemia have been treated for up to 20 consecutive months, The optima! 
duration of treatment for this disease has not been determined. 
if severe reactions occur, dosage should be modified (50% reduction! or 
therapy should be temporarily discontinued until the adverse reactions abate 
The need for dosage reduction should take into account the effects of prior 
X-ray therapy or chemotherapy that may have compromised bone marrow 
reserve. The minimum effective dose of Roferon-A has not been established 
DIRECTIONS FOR USE: The subcutaneous or intramuscular routes of 
administration should be used. Subcutaneous administration is particularty 
suggested for, but not limited to, patients who are thrombocytopenic (platelet 
count < 50,000) or who are at risk for bleeding. 

Injectable Solution: 

3 million IU Roferon-A per vial-Each 1 mL contains 3 million IU of 
interferon alfa-2a, recombinant/Roche, 9 mg sodium chloride for isotonic- 
ity. 5 mg human serum albumin as a stabilizer and 3 mg phenoi as a 
preservative. 

18 million IU Roferon-A per vial (for multiple-dose use)--Each 1 mL. 
contains 6 million IU of Interferon alfa-2a, recombinant/Roche, 9 mg 
Sodium chloride for isotonicity, 5 mg human serum albumin as a stabilizer 
and 3 mg phenol as a preservative. Each 0.5 mL contains 3 million IU of 
Interferon alfa-2a, recombinant/Roche. 

The injectable solution should be stored in the refrigerator at 36” to 46°F 
(2* to 8'C). Do not freeze. Do not shake. 

Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration, whenever solution and container 
permit. 

HON SUPPLIED: Sterile Roferon-A is supplied as single and multiple-dose 
vials: 

Roferon-A Injectable Solution: Vials containing 3 million IU Interferon 
alfa-2a, recombinant/Roche (3 million IU/mL). Boxes of 10 (NDC 
0004-1987-01). 

Roferon-A injectable Solution: Multiple-dose vials containing 18 million IU 
Interferon alfa-2a, recombinant/Roche (3 million 1U/0.5 mL). Boxes of 1 
(NDC 0004-1988-09). 

REFERENCES: 

1. Trown PW et al: Cancer 57 (Suppl.):1648-1656, 1986. 

2. Foon KA et al: Blood 64(Suppl. 1):164a, 1984. 

3. Quesada JR et al: Cancer 57 (Suppl.):1678-1680, 1986. 

4. Jones GJ. Itri LM: Cancer 57 (Suppl.):1709-1715, 1986. 
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‘Todays IGIV 


Dont settle for less. 





For immunodefi- 
ciency syndromes: 
aggressive protec- 
tion against 
infection 


Patients without 
sufficient levels 
of antibodies face 
overwhelming 
infection, and they need 
help. Infusion with 
GAMIMUNE" N gives 
these patients the edge 
that may make the 
difference: antibodies 
against major bacterial, 
viral and fungal 
pathogens. ..in just 
minutes. 


For both chronic 
and acute ITP 
in children and 
adults: rapid 
elevation of 
platelet levels 


GAMIMUNE' N 
may initiate a therapeutic 
increase in platelets 
in both children and 
adults with idiopathic 
thrombocytopenic 
purpura (ITP).' *' 
Treatment with 
GAMIMUNE'" N has. 
enabled some ITP 
patients to undergo 
| major surgery.’ 
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4 
- ur 
7 wu A 
IGIV thats at 
least 98% pore 
gamma globulin 





Cutter's fractionation | 
method (Cohn-Oncley | 
6 & 9) contains all the 
necessary steps to 
produce high purity 
immune globulin. 
GAMIMUNE'N 
contains no foreign 
contaminants, no 
detectable levels of 
protein aggregates or 
vasoactive enzymes.* 
With GAMIMUNE'N 
you get what you expect 
...IGIV containing at 
least 98% pure gamma 
globulin.' 








Gamimune N 


Immune Globulin 
Intravenous (Human) 5% 
(in 10% Maltose), pH 4.25 









‘Todays simple, 
economical IGIV: 
the only ready- 
to-use liquid 


Dose (m dose, 
GAMIMUNE' N saves 
money by eliminating 
valuable reconstitution 
time in the pharmacy. 
Gram for gram of 
protein, GAMIMUNE' N 
is affordable; there is no 
premium price for 


TODAY'S IGIV. 


p * Documented in 
—À 


vitro inactivation 


of HTLV-III virus 


"The Cohn-Oncley process 
used to produce GAMIMUNE"N 
has been challenged im vitro with 
a virus spike of 1 x 10° of HTLV- 
III and found to remove and/or 
inactivate the viral challenge. In 
addition, GAMIMUNE"N 
undergoes an incubation step as a 
final container which has been 
shown to effect an additional 1 x 
10° to 1 x 10* reduction of HTLV- 
III." In a separate study of 
intravenous immune globulins 
conducted by the Food and Drug 
Administration, an in vitro 
challenge at each of the six Cohn- 
Oncley fractionation steps using 
HTLV-III demonstrated a 
cumulative reduction of greater 
than 1 x 10'* infectious units.* 


































Artist's interpretation of HTLV-I virus 


"Native" IGIV 


GAMIMUNE' N is 
manufactured without 
chemical modification. 
This means 
GAMIMUNE* N 
antibodies maintain 
normal opsonization 
capacity, have a normal 
distribution of IgG 
subgroups and provide 
the immunologic activity 
of normal plasma. ' 





































*It is not possible to predict which 
patients with ITP will respond to 
therapy. 

‘In patients who respond to therapy, a 
rise in platelet count is generally rapid 
(within 1 to 5 days), transient (most 
often lasting from several days to 
several weeks) and should not be 
considered curative. 


Artist's interpretation of blind plated 


From the original IGIV todays IGIV...it offers more 


Please see following page for brief summary of prescribing information. 


Gamimune N 


Immune Globulin 
Intravenous (Human) 5% 
(in 10% Maltose), pH 4.25 


CLINICAL PHARMACOLOGY 

Gamimune* N supplies a broad spectrum of opsonic and neutralizing IgG antibodies for 
the prevention or attenuation of a wide variety of infectious diseases. AS Gamimune* N is 
administered intravenously, essentially 100% of the infused IgG antibodies are immedi- 
ately available in the recipient's circulation. A relatively rapid fail in serum 1gG level in the 
first week post-infusion is to be expected; this decrease averages 50% of the peak level 
achieved immediately post-infusion and is mainly due to the equilibration of IgG between 
the plasma and the extravascular space. The in vivo half-life of Gamimune* N equals or 
exceeds the three week haif-life reported for IgG in the literature, but individual patient 
variation in half-life has been observed. Thus, this variable as well as the amount of 
immune globulin administered per dose is important in determining the frequency of 
administration of the drug for each individual patient 

The intravenous administration of solutions of maltose has been studied by several 
investigators. Healthy subjects tolerated the infusions well, and no adverse effects were 
observed at a rate of 0.25 g maltose/kg body weight per hour. In safety studies conducted 
by Cutter Biological. infusions of 10% maltose administered at 0.27-0.62 g maltose/kg 
per hour to normal subjects produced either mild side effects (e.g., headache) or no 
adverse reaction. Following intravenous administrations of maltose, maltose was 
detected in the peripheral blood; there was a dose-dependent excretion of maltose and 
glucose in the urine and a mild diuretic effect. These alterations were well tolerated with- 
out significant adverse effects. The highest recommended infusion rate, 0.08 mL/kg 
body weight per minute (see DOSAGE AND ADMINISTRATION), is equivalent to 0.48 g 
maltose/kg body weight per hour. 

The buffer capacity of Immune Globulin intravenous (Human) 5% (in 10% Maltose), pH 
4.28-—Gamimune* N is 16.5 mEq/L ( ~ 0.3 mEq/g protein); a dose of 150-400 mg/kg (3-8 
mL/kg) body weight therefore represents an acid load of 0.0495-0.1320 mEq/kg body 
weight. The total buffering capacity of whole blood in a normat individual is 45-50 mEq/L 
of blood. or 3.6 mEq/kg body weight. Thus, the acid load delivered in the largest dose of 
Gamimune* N would be neutralized by the buffering capacity of whole blood alone, even if 
the dose were infused instantaneously. (An infusion usually lasts several hours.) 

In Phase | human studies. no change in arterial blood pH measurements was detected 
following the intravenous administration of Gamimune" N at 8 dose of 150 mg/kg body 
weight; following a dose of 400 mg/kg body weight in 37 patients, there were no clinically 
important differences in mean venous pH or bicarbonate measurements in patients who 
received Gamimune* N compared with those who received a chemically modified intra- 
venous immunoglobulin preparation with a pH of 6.8 

In patients with limited or compromised acid-base compensatory mechanisms, consid- 
eration should be given to the effect of the additional acid load Gamimune* N might 
present. 

INDICATIONS AND USAGE 

immunodeficiency Syndromes: Gamimune* N is indicated for the maintenance treat- 
ment of patients who are unable to produce sufficient amounts of IgG antibodies. Usage 
of Gamimune* N may be preferred to that of intramuscular immunoglobulin preparations, 
especially in patients who require an immediate increase in intravascular immunoglobulin 
levels, in patients with a small muscle mass, and in patients with bleeding tendencies in 
whom intramuscular injections are contraindicated. It may be used in disease states such 
as congenital adammaglobulinemia (e.g.. X-linked agammaglobulinemia), common varia- 
ble hypogammaglobulinemia, X-linked immunodeficiency with hyper IgM and in severe 
combined immunodeficiency. 

Idiopathic Thrombocytopenic Purpura (ITP): investigations in both children and adults 
have shown that Gamimune* N may initiate a therapeutic increase in the platelet count. In 
clinical studies of Gamimune"* N, five of six (83.3%) children and 10 of 16 (62.5%) adults 
with acute or chronic ITP demonstrated clinically significant increments in the platelet 
count during or following an initial treatment course with Gamimune* N at a dose of 400 
m&/kg body weight daily for five days. The duration of the plateiet rise following treatment 
of ITP with Gamimune® N was variable, ranging from severai days up to 12 months or 
more. Several ITP patients demonstrated continuing responsweness over many months 
to intermittent Gamimune* N 400 mg/kg body weight single dose maintenance courses. 
Two of three children with acute ITP treated with Gamimune* N rapidly went into complete 
remission. However, childhood ITP may respond spontaneously without treatment. Four 
patients with refractory ITP were able to undergo major surgical procedures as a result of 
the rapid rise in platelet count associated with Gamimune* N treatment. 

In addition, one patient with severe thrombocytopenia due to post-transfusion purpura 
(PLA! alloimmune antibody with platelet anti PL^ specificity) also responded to treatment 
with Gamimune* N, at a dose of 400 mg/kg body weight daily for 5 days: there was a rapid 
rise in the platelet count commencing on the third day of treatment 

it is presently not possible to predict which patients with ITP will respond to therapy. 
although the increase in platelet counts in children seems to be better than that of adults 
In clinical situations in which a rapid rise in platelet count is needed to control bleeding or 
to allow a patient with ITP to undergo surgery. administration of Immune Globulin intra- 
venous (Human) 5% (in 10% Maltose). pH 4.25—Gamimune* N should be considered; in 
patients in whom a response is achieved, the rise of platelets is generally rapid (within 1-5 
days), transient (most often lasting from several days to several weeks) and should not be 
considered curative. In some patients who relapse. a maintenance dose of Gamimune* N 
administered every several weeks may be of benefit once the platelet count decreases to 
clinically hazardous levels (see DOSAGE AND ADMINISTRATION). 

CONTRAINDICATIONS 

Gamimune* Nis contraindicated in individuals who are known to have had an anaphylactic 
or severe systemic response to Immune Globulin (Human). Individuals with selective IgA 
deficiencies who have known antibody against IgA fanti-igA antibody) should not receive 
Gamimune* N since these patients may experience severe reactions to the IgA which may 
be present. 





WARNINGS 
Gamimune* N should be administered only intravenously as the intramuscular and subcu- 
taneous routes have not been evaluated. 

Gamimune* N may. on rare occasions, cause a precipitous fail in blood pressure and a 
clinical picture of anaphylaxis, even when the patient is not known to be sensitive to 
immune globulin preparations. These reactions may be related to the rate of infusion. 
Accordingly, the infusion rate given under DOSAGE AND ADMINISTRATION should be 
closely followed, at least until the physician has had sufficient experience with a given 
patient. The patient's vital signs should be moritored continuously and careful observa- 
tron made for any symptoms throughout the entire infusion. Epinephrine should be avail- 
abie for the treatment of an acute enaphylactic reaction. 

PRECAUTIONS 

General: Any vial that has been entered shouid be used promptly. Partiaily used vials 
should be discarded. Do not use if turbid. Solution which has been frozer should not 
be used. 

Drug Interactions: if dilution is required, Gamimune* N may be diluted with 5% dextrose 
in water (D5/W). No other drug interactions or compatibilities have been evaluated. It is 
recommended that infusion of Gamimune* N be given by a separate line, by itself, without 
mixing with other intravenous fluids or medications the patient might be receiving. 
Pregnancy Category C: Animal reproduction studies have not been condücted with 
Gamimune* N. it is not known whether Gamimune* N can cause fetal harm when admin- 
istered to a pregnant woman or can affect reproduction capacity. Gamimune* N should 
be given to a pregnant woman only i! clearly needed. 

ADVERSE REACTIONS 

in a study of 37 patients with immunodeficiency syndromes receiving Gamimune* N at à 
monthly dose of 400 mg/kg body weight, reactions were seen in 5.2% of the infusions of 
Gamimune* N. Symptoms reported with Gamimune* N included malaise, a feeling of 
faintness, fever, chills, headache, nausea, vomiting. chest tightness, dyspnea and chest, 
back or hip pain. In addition, mild erythema following infiltration of Immune Giobulin Intra- 
venous (Human) 5% (in 10% Maitcse), pH 4.25—Gamimune* N at the infusion site was 
reported in some cases 

In further studies of Gamimune* N in the treatment of both adult and pediatric patients 
with ITP. systemic reactions were noted in only 4 of 154 (2.6%) infusions, and all but one 
occurred at rates of infusion greater than 0.04 mL/kg body weight per minute. The symp- 
toms reported included chest tightness, a sense of tachycardia (pulse was 84 beats per 
minute), and a burning sensation in the head: these symptoms were all mild and transient. 
Erythema. pain, phlebitis, or eczematous reactions at the infusion site were afso reported 
following infusion of Gamimune* N to adult ITP patients. These reactions occurred in 
11.6% cf the infusions of Gamimune* N and in 43.8% of the adult ITP population. No 
pediatric patients experienced localized reactions at the infusion site. 

in the studies undertaken to date, other types of reactions have not been reported with 
Gamimune* N. It may be, however, that adverse effects will be similar to those previously 
reported with intravenous and intramuscular immunoglobulin administration. Potential 
reactions, therefore, may also inciude anxiety. flushing, wheezing, abdominal cramps, 
myalgias, arthralgia, and dizziness, rash has been reported only rarely. Reactions to intra- 
venous immunoglobulin tend to be related to the rate of infusion, 

True anaphylactic reactions to Gamimune* N may occur in recipients with documented 
prior histories of severe ailergic reactions to intramuscular immunoglobulin, but some 
patients may tolerate cautiously administered intravenous immunoglobulin without 
adverse effects. Very rarely an anaphylactoid reaction may occur in patients with no prior 
history of severe allergic reactions to either intramuscular or intravenous 
immunoglobulin. 

DOSAGE AND ADMINISTRATION 

immunodeficiency Syndromes: The usual dosage of Gamimune* N for prophylaxis in 
immunodeficiency syndromes is 100-200 mg/kg (2-4 mL/kg) of body weight adminis- 
tered approximately once a month by intravenous infusion. If the clinical response is 
inadequate, or the level of IgG achieved in the circulation is felt to be insufficient, the 
dosage may be given more frequently or increased as high as 400 mg/kg (8 mL/kg) 
body weight. 

idiopathic Thrombocytopenic Purpura: An increase in piatelet count has been observed 
in children and some aduits with acute or chronic ITP receiving Gamimune* M, 400 mg/kg 
body weight daily for five days. A response usually occurs within several days and is main- 
tained for a variable period of time. In general a response is seen less often in adults than 
in children. In patients who have shown a response, a maintenance dose of Gamimune™ N 
of 400 mg/kg body weight administered as a single dose every several weexs may be of 
benefit once the platelet count decreases to clinically hazardous levels 

investigations indicate that Gamimune* N is well-tolerated and less likelv to produce 
side effects when infused at the indicated rate. It is recommended that Gamimune* N be 
infused by itself at a rate of 0.01 to 6 02 mL/kg body weight per minute for 30 minutes; if 
well tolerated, the rate may be gradually increased to a maximum of 0.08 mL/kg body 
weight per minute. If side effects occur, the rate may be reduced, or the infusion inter- 
rupted until symptoms subside. Tne infusion may then be resumed at the rate which is 
comfortable for the patient. 

Parenteral drug products should be inspected visually for particulate matter and discot- 
oration prior to administration, whenever solution and container permit 

US. License No. 8 








REFERENCES: 1. GAMIMUNE* N Product License Application. 2. Lundblad JL, Mitra G. 
Steinberg MM, et al: Comparative studies of impurities in intravenous immunoglobulin 
preparations. Rev Infect Dis 1986;8Uul-Aug): $382-S390. 3. Mitra G, Wong MF. Mosen 
MM, et al: Elimination of infectious retrovirus during preparation of immunoglobulins. 
Submitted for publication in Transfusion. 4. Wells MA, Wittek AE, Epstein JS, et al: Inactiva- 
tion and partition of human T-cell lymphotropic virus, type lil, during ethanol fractionation 
of plasma. Transfusion 1986: 26(2) 210-213. 
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Tcell science 
just became an 
exclusive affair. 


Now, your exclusive distributor of the 
CELLFREE™ Interleukin-2 Receptor Test 
Kit is Boehringer Mannheim Biochemicals. 
CELLFREE is the first serum immunoassay 
for the soluble T cell marker, Interleukin-2 
Receptor. The enzyme immunoassay format 
of the CELLFREE kit permits you to study 

T cell immune functions without a flow 
cytometer. CELLFREE is the product of T Cell 
Sciences, Inc., a recognized leader in the 
development of new monoclonal antibody 
reagents and test kits for studving the role 
of the T cell in immune response and 
immunologic disease. 


ACT-T-SET™ gives methodology 


choices. 

ACT-T-SET monoclonal antibodies, another 
break-through product from T Cell Sciences 
and BMB, are a panel of reagents used to 
study the T cell surface antigens associated 
with different stages of T cell activation. 
They are available unconjugated or labelled 
with FITC for flow cytometry or 
immunofluorescence application. 


© 1986 Boehringer Mannheim Biochemicals 


PO. Box 50816 Indianapolis, IN 46250 
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Computer visualization courtesy of Richard 
National Institutes of Health, Bethe: 


An unbeatable combination. 

T Cell Sciences’ technology and Boehringer 
Mannheim Biochemicals’ unbeatable service 
are a combination of excellence without 
peer for your specific research needs in the 
rapidly developing Immunology field. 

You'll benefit from knowing vou are using 
the purest preparations with exceptional 
specificity and reliable performance. Plus, all 
T Cell Sciences’ products have the complete 
support of BMB's excellent Technical 
Services Department. For more information 
on T Cell Sciences products, or for a copy 
of our immunochemicals catalog, call or 
write us now. 


Now available from BMB: 


pee 255 
SCIENCES 


CELLFREE " 

Interleukin-2 Receptor Test Kit CK1020 
ACT-T-SET™ 

VLA-1 (Very Late Activation Antigen) 





Unconjugated AA1007 
FITC Conjugated AA2007 
IL-2R (Interleukin-2 Receptor) 
Unconjugated AA1009 
FITC Conjugated AA2009 


For research use only. 
Not for use in diagnostic procedures. 


Committed to your growing needs in biotechnology. 
BOEHRINGER 
MANNHEIM 
BIOCHEMICALS 


deb 517.849-9350 








800-428-5444 toll-free 





Visit us at Booth 101 


AMERICAN 
SOCIETY OF 
HEMATOLOGY 


Plan now to examine our books at the 
American Society of Hematology meeting in 
San Francisco, California, Dec. 6-8... 
Booth 101 


Publishers Since 1785-— America's Oldest Publisher 


Lea & Febiger 


600 WASHINGTON SQUARE 
PHILADELPHIA, PENNSYLVANIA 19106-4198 
PHONE: (215) 922-1330 
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HEMATOLOGY, THE BLOSSOMING OF A 
SCIENCE: A Story of Inspiration and Effort. By 
MAXWELL M. WINTROBE, M.D., Ph.D., University of 
Utah School of Medicine, Salt Lake City, Utah. 
Combines autobiographical information with bio- 
graphical accounts. 564 pp. (74 x 10%), 150 photo- 
graphs, 1985, $60.00. 


BLOOD DISORDERS IN PREGNANCY. Edited and 
with contributions by RUSSELL K. LAROS, JR., M.D., 
University of California, San Francisco, California. 
Addresses hematologic problems most commonly 
associated with pregnancy. 245 pp. (675 x 10), 16 
illus., 1986, $32.50. 


SCHALM'S VETERINARY HEMATOLOGY, 4th ed. 
By NEMI C. JAIN, Ph.D., University of California, 
Davis, California. Emphasizes pathophysiologic, 
pathogenetic, and diagnostic implications in dis- 
eases of animals. 1221 pp. (7'4 x 10'4), 488 illus. 
(including 25 color plates with 202 illus.), 1986, 
Ready Soon, About $125.00. 


DISEASES OF BLOOD VESSELS. Edited and with 
contributions by ORVILLE HORWITZ, M.D., PETER 
R. McCOMBS, M.D., and BROOKE ROBERTS, M.D., 
all of the University of Pennsylvania School of Medi- 
cine, Philadelphia, Pennsylvania. Discusses vessel 
wall chemistry, dietary effects, anticoagulant thera- 
py, diabetes mellitus and atherogenesis, and more. 
429 pp. (7 x 10), 137 illus., 1985, $52.00. 





THIS SPACE CONTRIBUTED AS A PUBLIC SERVICE 


you live 
may save 
your life. 


You may find it surprising that up to 60% of all cancers 
can be prevented. By avoiding excessive exposure to sunlight, 
by not smoking cigarettes, by not overeating and by following 
a diet high in fiber and low in fat. 

The battle isn’t over but we are winning. 


Dleace cnnnart the À morran f anner Societ 
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When does a Profile 
become a Masterpiece" 





The rapidly growing field of cel- 
lular immunology has entered your 
domain: the clinical laboratory. To 
meet the challenges of diseases such 
as AIDS, leukemia, and lymphoma, 
you require sophisticated tools that 
are easy to use and provide accurate, 
relevant data. 

The only way to appreciate all 
that EPICS PROFILE has to offer your 
laboratory is to judge for yourself. 
Profile is the first clinical flow 
cytometer to maximize computer 
power through an exclusive inte- 
grated microprocessor design. The 
result: Profile truly goes to work for 
you, giving you a concise, complete 
and accurate immunology patient 
profile as easy as pushing a button. 
Coulter, with its well-established 
leadership in hematology, immu- 
nology and flow cytometry, delivers 
the simplicity, speed, and sophisti- 
cation you want and need. See how 
Profile uses computer power to put 
flow cytometry to work for you! 








Courter 
introduces 





EPICS 


Created 
specifically 
or clinical 
flow. 
cytometry 


CONTROL 


"With the power of a "d 
research instrument D a E 








T4 FITC 





Friendly 


Operation is simple with Profil 
One button does it all au tomati- 
Ci ue instrument se 

Auto-stop, data storage, complete 
sati istics and patie 
Plus, its uni ique gr R pad lets 
you custom define analysis 
regions easily and precis 


Powerful 


1 exclusive inte- 
grated computer design f 
only in EPICS Syster 


















capability. This. « 
menu-driven, pre- 
protocols, means 1 
gains, gates, analysis regions ~ 
the entire instrument ~ is auto- 


matically set. 


Compact 


Smaller than oth 
flow Vale Pn 
a eoe 30^ 







means no spec 
requirements. 


Accurate 


Only Profile gives vou the assur- 
ance of data accuracy right 
before your eyes. Data n on 
the screen simulta n wit 
acquisition. You rec Ws nstan- 
taneous feedh: ick - the dual 

creens of Profile permit 
elie and constant « 
of dat: 


Concise 


Just touch the menu screen to 
select parameters and rec 
single- page printout of the 

patients immunology 
histograms and statistic: \ 
your ped ju dgeme nt is 
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A Masterpiece at 
clinical 


cytometry. 





You be 


the juage 











Compact, benchtop 
design 








CI Choice of laser power 
CI Exclusive, integrated 

simultasking* computer 
[.] Simple, direct graphics 
pad input 


CI Automatically queued 
printouts 


*All EPICS Systems incorporate an exclusive. 


totally integrated computer design. Through the 


use of dedicated microprocessors, every EPICS 
System uniquely delivers simultaneous multi- 
tasking capability 


For more information or 
a demonstration, call 
toll free 1-800-ME-EPICS 
(1-800-633-7427). 


Backed by unmatched experience, 
service and support 

More than 25 years of proven leadership 
in the clinical laboratory - this is the 
Coulter legacy that now supports Profile. 
It includes our extensive service organi- 
zation that gives you immediate access 
to a technical specialist, assuring you 

of the best service possible. What's more, 
Coulter services the total instrument, 
from its multi-tasking computer to its 
advanced laser - we cover every Profile 
component. In addition, Coulter can 
supply your laboratory with an array of 
top-quality flow cytometry reagents 
including monoclonal antibodies, 
standards and calibrators. 
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ARTFULLY ADVANCING THE SCIENCE OF FLOW CYTOMETRY 


Coagulation Factor Deficient Human Plasma 


€ Substrate Quality € Fresh Frozen 
€ Stable € Mono-Specific 








Abno,, : ES 2 m ; 
COAGULATION DEFICIENCIES AVAILABLE: rderj; al and 
Factor | (Afibrinogenemia) Factor IX — VonWillebrand Trait “ference pi. Sayeq mus 
Factor ll Factor X (Mild and Severe) A-Fact g nrw o 
Factor V Factor Xi — Prekallikrein "Fact. 
Factor VH Factor XII Kininogen (HMW) 
Factor VIII Factor Xil! Passovoy Trait 
Factor VIII Inhibitor Protein C 
HEMATOLOGY PRODUCTS AVAILABLE: 
Pooled Normal Plasma Aged Serum 
Assayed Normal Plasma Adsorbed Plasma 
Platelet Free Plasma Coumadinized Plasma 


€ Plasmas are fresh frozen, citrated plasmas drawn from carefully screened HUMAN donors with 
congenital coagulation factor deficiencies. 

€ Shipments are packed in dry ice and usually delivered within 24 hours. 

€ Special arrangements are made to ship plasma in required volumes in vials (0.5 to 5.0 ml), in bags or 
on standing orders. 


MAXIMUM QUALITY - MINIMUM COST 
GEORGE KING BIO-MEDICAL, INC 


Toll Free 800-255-5108 In Kansas 913-469-K ING 
11771 West 1 12th Street, Overland Park, KS 66210 


See Us At the A.S.H. Convention Booth #527 





The more intelligent the system, t| 


Optimal Coordination 


Today, enzyme immunoassays 
are expected to possess all of 
the following important fea- 
tures: reliability, flexibility, accu- 
racy, speed, economy and 
ease of handling 

Conventional equipment and 
techniques for automation of 
ELISA tests cannot meet these 
demands. 


Only a technologically ad- 
vanced system with an elec- 
tronically regulated operation 
sequence and optimally coor- 
dinated system components 
can offer the superior perform- 
ance required. 


The Behring ELISA System 


Behring ELISA Processor I! 


The Behring ELISA Processor II 
is a key component in the sys- 
tem. It is the only equipment to 
use sophisticated electronics 
to automatically control those 
important and difficult functions 
of ELISA tests which are most 
prone to error: washing, pipet- 
ting, the measurement of optical 
densities and the calculation 
and printing of results in a 
single compact instrument. 





It is the only machine capable 
of processing two different 
tests in parallel — e.g. HBsAg 
and anti-HTLV Ill — because six 
reagent connections are avail- 
able. 





Enzygnost Tests 


The Behring Enzvgnost" range 
orovides advanced ELISA 
tests for the assay of antigens 
and antibodies. Enzygnost" 
tests are synonymous with 
high sensitivity coupled with 
maximum specificity. 


The coated divisible microtitra- 
tion plate — the centrepiece of 
the Enzygnost" tests - is easy 
and economical to use. Only a 
few operating steps are requir- 
ed. Error-prone manual opera- 
tions (e. g. bead transfer) are 
not necessary. This not only 
means greater reliability but 
also saves time, especially 
with larger test "uns. 


in the 


greater the practical advantages. 


Behring Software 





Comprehensive Software 
The Behring Enzygnost^ range Ten programs are preinitiated ^ laboratory data handling 


is being expanded continuous- in the Behring ELISA Proces- system is thus established 

ly. At present it comprises sor Il. A further 20 programs This software package offers a 
more than 20 test systems can be entered individually, wealth of extended evaluation 
proven worldwide in research depending on the particular modes, quality control pro 

and practice. Working with needs of each laboratory. All grams, statistics and is open 


Enzygnost" tests must lead to functions of the instrument are for eventual additions 
greater reliability and efficiency. called up in any desired com- 

bination using an advanced 

"menu"-programming tech- 

nique 





The Behring software package 
for external computer was de- 
veloped for use by laboratory 
staff with no special data 
processing skills and relates 
results to patient data. An opti- 
mal integration into the existing 


iboratory. The quintessence! 
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A commitment to active participation in developing 
modern hemostasis technology. 


The broadest line of immunological and functional test 
systems for prethrombosis and thrombosis. 

i 
The highest standards for product integrity and customer 
support services. 


Simplified procedures, reliable results. 


Contemporary hemostasis becomes increasingly complex. That is why American Bioproducts 
Company has developed a hemostasis cascade of its own...one built on the dynamics of 
expertise, experience, and total commitment to meet the specific needs of those seeking to 
understand and measure thromboembolic risks. 


ABC has the broadest line of test kits for thrombosis markers. 


B Traditional clotting assays 
ll Chromogenic substrate methods 
B Immunological assay systems 


For information about these kits or our broadline of products and services in 
hemostasis technology please call or write: 1-800-242-7360 


(In New Jersey — 201-428-2930). AMERICAN BIOPRODUCTS COMPANY 
601 N. Jefferson Road è Parsippany, NJ 07054 
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Blenoxane Combinations 


(sterile bleomvcin sulfate) 


Proven Effective in 
Non-Hodgkin's Lymphoma 


The newer Blenoxane containing combinations resulted in high 


complete response rates and extended disease-free survival!” 


Abdominal/Pelvic CT Abdominal/Pelvic CT 
February 25 August 4 





Massive retroperitoneal, No evidence of abnormal 
retrocrural, para-aortic, abdominal or pelvic adenopathy 
and probable right iliac after Blenoxane combination 
adenopathy. chemotherapy. 


:  BACOP | 
2. Schein PS, DeVita VT Jr, Hubb 
S, et al: Bleomycin, Adriam' 
- cyclophosphamide, vincris 
_ prednisone (BACOP) combin 
chemotherapy i in the treatr 





Blenoxane ...Integral Component 


sterile bleomycin sulfate) 


of Chemotherapy Regimens in 
Von-Hodgkin's Lymphoma 


ince Blenoxane is virtually non-myelosuppressive, continuing 
herapy with certain Blenoxane containing chemotherapy regimens 
e.g. BACOP) can prevent tumor regrowth between cycles of 

ther chemotherapy regimens while allowing for bone marrow 
ecovery. ^^ 

enoxane can produce, with cumulative doses, a syndrome of pul- 
tonary fibrosis. It is usually dose-related, being seen infrequently 
1 patients whose total dose of Blenoxane is less than 400 units. 


Efficacy... Yesterday, Today, Tomorrow 


Dlenoxane 


(sterile bleomwvcin sulfate) 





sterile bleomvcin sulfate) 


Brief Summary of Prescribing Information (1) 10:84. For complete prescribing informa- 
tion please consult product literature 
















WARNING 


It is recommended that Blenoxane* be administered under the supervision of a qualih'ed physi- 
cian experienced in the use of cancer chemotherapeutic agents. Appropriate management of ther- 
apy and complications :s possible only when adequate diagnostic and treatment facilities are 
readily available 

Pulmonary fibrosis is the most severe toxicity associated with Bienoxane The most frequent pre- 
sentation is pneumonitis occasionally progressing to pulmonary fibrosis. Its occurrence is higher in 
elderly patients and in those receiving greater than 400 units total dose. but pulmonary toxicity has 
been observed in young patients and those treated with low doses 

A severe idiosyncratic reaction consisting of hypotension, menta! confusion. fever. chills. and 
wheezing has been reported in approximately 1% af lymphoma patients treated with Blenoxane 


INDICATIONS: Blenoxane should be considered a palliative treatment It has been shown to be usetul 
in the management of the following neoplasms either as a single agent or in proven combinations with 
other approved chemotherapeutic agents 

Squamous Cell Carcinoma — Head and neck including mouth. tongue. tonsil. nasopharynx 
oropharynx. sinus. palate. lp. buccal mucosa. gingiva. epiglottis. skin. larynx. penis. cervix. and 
vulva The response to Blenoxane is poorer in patents with head and neck cancer previously irradiated 

Lymphomas — Hodgkins. reticulum cell sarcoma. lymphosarcoma 

Testicular Carcinoma — Embryonal cell, choriocarcinoma. and teratocarcinoma 


CONTRAINDICATIONS: Bienoxane is contraindicated in patients who have demonstrated a hypersen- 
sitive or an idiosyncratic reaction to it 


WARNINGS: Patients receiving Blenoxane must be observed carefully and frequently during and atter 
therapy It should be used with extreme caution in patients with significant impairment of renal function 
or compromised pulmonary function 

Pulmonary toxicities occur in 10% of treated patients In approximately 1%. the nonspecific pneu- 
monitis induced by Bienoxane progresses to pulmonary fibrosis. and death Although this is age and 
dose related, the toxicity is unpredictable Frequent roentgenograms are recommended 

Idiosyncratic reactions similar to anaphylaxis have been reported in 1% of lymphoma patients treated 
with Blenoxane Since these usually occur after the first or second dose. careful monitoring is essential 
atter these doses 

Rena! or hepatic toxicity, beginning as a detenoration in renal or liver function tests. have been 
reported. infrequently These toxicities may occur, however at any time atter initiation of therapy 

Usage in Pregnancy: Sate use of Bienoxane in pregnant women has not been established 


ADVERSE REACTIONS: Pulmonary — This is potentially the most serious side effect. occurring in ap- 
proximately 10% of treated patients The most frequent presentation is pneumonitis occasionally pro- 
gressing to pulmonary fibrosis. Approximately 1% of patients treated have died of pulmonary fibrosis 
Pulmonary toxicity is both dose and age-related, being more common in patients over 70 years of age 
and in those receiving over 400 units total dose This toxicity, however. is unpredictable and has Deen 
seen occasionally in young patients receiving low doses 

Because of lack of specificity of the clinical syndrome. the identification of patients with pulmonary 
toxicity due to Blenoxane has been extremely difficult. The earliest symptom associated with Blenoxane 
pulmonary toxicity is dyspnea The earliest sign is tine rales 

Radiographically. Blenoxane-induced pneumonitis produces nonspecific patchy opacities. usually ot 
lower lung heids The most common changes in pulmonary tunction tests are a decrease in tota! lung 
volume and a decrease in vital capacity However these changes are not predictive of the development of 
pulmonary fibrosis 

The microscopic tissue changes due to Blenoxane toxicity include bronchiolar squamous metaplasia 
reactive macrophages. atypical alveolar epithelial celis. fibrinous edema. and interstitial fibrosis. The 
acute stage may involve capillary changes and subsequent fibrinous exudation into alveol: producing à 
change similar to hyaline membrane formation and progressing to a diffuse interstitial fibrosis resem- 
bling the Hamman-Rich syndrome These microscopic findings are nonspecific. e g . Similar changes 
are seen in radiation pneumonitis. pneumocystic pneumonitis 

To monitor the onset of pulmonary toxicity, roentgenograms of the chest should be taken every 110 2 
weeks If pulmonary changes are noted. treatment should be discontinued until it can be determined if 
they are drug related. Recent studies have suggested that sequential measurement of the pulmonary 
diffusion capacty for carbon monoxide (DL...) during treatment with Blenoxane may be an indicator ol 
subclinical pulmonary toxicity It is recommended that the DL... be monitored monthly if it is to be em- 
ployed to detect pulmonary toxicities, and thus the drug should be discontinued when the DL, falls 
below 30 to 35*« of the pretreatment value 

Because of bleomycin s sensitization of lung tissue. patients who have received bleomycin are at 
greater risk of developing pulmonary toxicity when oxygen is administered at surgery. While long ex- 
posure to very high oxygen concentrations is a known cause of lung damage. after bleomycin admin- 
istration. lung damage can occur at lower concentrations than usually would be considered safe 
Suggested preventive measures are 
(1) Maintain FI O, at concentrations approximately that of room air (25%) during surgery and the post- 

Operative penod 
(2) Monitor carefully fluid replacement. focusing more on co'loid administration rather than crystalloid 

Idiosyncratic Reactions — in approximately 1% of the lymphoma patients treated with Blenoxane an 
idiosyncratic reaction, similar to anaphylaxis clinically, has been reported The reaction may be immed: 
ate or delayed for several hours. and usually occurs after the first or second dose It consists of hypo- 
tension. mental contusion, fever chills. and wheezing Treatment is symptomatic including volume 
expansion. pressor agents. antihistamines. and corticosteroids 

integument and Mucous Membranes — These are the most trequent side effects. being reported in 
approximately 50% of treated patients These consist of erythema. rash. striae. vesiculation, hyperpig- 
mentation. and tenderness of the skin. Hyperkeratosis. nail changes. alopecia. pruritus. and stomatitis 
have also been reported It was necessary to discontinue Blenoxane therapy in 2% of treated patents 
because of these toxicities 

Skin toxicity 1s a relatively late manifestation usually developing in the 2nd and 3rd week of treatment 
after 150 to 200 units of Blenoxane have been administered and appears to be related to the cumulative 
dose 

Other — Fever. chills. and vomiting were frequently reported side effects Anorexia and weight loss 
are common and may persist long after termination of the medication Pain at tumor site. phlebitis. and 
other ioca! reactions were reported infrequently 

There are isolated reports of Raynaud's phenomenon occurnng in patients wth testicular carcinomas 
treated with a combination of Blenoxane and Velban* It is currently unknown if the Cause for the 
Raynaud s phenomenon in these cases is the disease, Blenoxane Velban. or a combination of any or 
all of these 


SUPPLY: Each vial contains 15 units of Blenoxane Mead irem 


as sterile bleomycin sulfate. NDC 0015-3010-20 ONCOLOGY PRODUCTS 
Bristol-Myers Oncology Division 
UA-154-1 Syracuse. NY 1322! 1/86 

















If you could look into 
the eyes of generations 
yet to come, you would be 
there. You can make a 
difference. 

By including the 





AMERICAN CANCER SOCIETY ` 


For more information, call vour 
local ACS unit or write to the 
American Cancer Society, 

4 West 35th St., New York, NY 10001. 
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SUBMITTING THE MANUSCRIPT 


BLOOD, The Journal of The American Society of Hematology, 
provides an international forum for the publication of original 
articles, in English, describing basic laboratory and clinical inves- 
tigations encompassed in the broad discipline of hematology. The 
scope of the journal covers all aspects of hematology, including 
disorders of leukocytes, both benign and malignant, erythro- 
cytes, platelets, hemostatic mechanisms, and immunology, as 
well as major developments in clinical laboratory diagnosis and 
blood banking. 


Manuscripts are accepted for consideration on the condition 
that they are contributed solely to BLOOD. No substantial part of 
a paper may have been or may be published elsewhere, except for 
an abstract of 500 words or less. Manuscripts will be critically 
reviewed by the Editor or an Associate Editor with appropriate 
independent referees drawn from the Editorial Board and other 
experts. Acceptance of papers for publication is based upon the 
originality of the observation or investigation, the quality of the 
work described, and the clarity of the presentation. Papers will 
ordinarily be published in the order in which they 
are finally accepted for publication and not in the order of 
submission. Acknowledgments to other investigators for advice 
or data must be substantiated by written authorization specifi- 
cally granting permission to authors. 


Concise Reports: BLOOD will consider for rapid editorial 
review and decision Concise Reports of original investigations of 
scientific importance within the broad discipline of hematology. 
The value to the scientific readership of rapid publication is a 
criterion for acceptance of Concise Reports. Such manuscripts 
must represent original and definitive studies and include ade- 
quate description of experimental methods, documentation of 
findings, and references to the literature. No case studies, 
methods papers, or preliminary reports will be considered. The 
Editors will provide decisions on such manuscripts within three 
weeks of receipt at the BLOOD Office. These decisions may not 
be accompanied by detailed reviewers’ comments such as are 
returned with manuscripts handled in the ordinary manner. 
Request for consideration as a Concise Report should be made in 
the author's covering letter upon submission. Concise Reports 
cannot exceed ten typed pages, including tables, figures, and 
references (count two graphs or one photomicrograph as a typed 
page). Papers exceeding the ten-page limit will be delayed while 
the author is being contacted. Papers not accepted for rapid 
publication as Concise Reports may be resubmitted for consider- 
ation as regular manuscripts. 


Letters to the Editor: Letters to the Editor are welcomed and 
will be published if appropriate. They should be typewritten, 
double spaced, and generally should be no more than two 
typewritten pages in length. 


Editorials, Brief Reviews: Editorials and Brief Reviews may 
be solicited by the Editors. These manuscripts must be prepared 


in a manner appropriate for other papers and will be reviewed as 
are original articles submitted for consideration. 


Authors must accept the responsibility of conforming to the 
instructions in “Information for Contributors." Articles, edito- 
rials, letters to the editor, and other text material in BLOOD 
represent the opinions of the authors and do not reflect the 
opinions of The American Society of Hematology, the publisher, 
or the institution with which the author is affiliated, unless the 
contrary is specified. 

Authors submitting a manuscript do so with the understand- 
ing that if it is accepted for publication, copyright in the article, 
including the right to reproduce the article in all forms and media, 
shall be assigned exclusively to the Publisher. To comply with US 
copyright law and the requirements of the insurance carrier, 
authors of accepted manuscripts and letters will be requested to 
sign a copyright release form. The Publisher will not refuse any 
reasonable request by the author for permission to reproduce any 
of his or her contributions to the journal. 


Submit papers, with a $50.00 (in US funds) check, money 
order, or institutional purchase order to cover the cost of manu- 
script handling, to: John W. Adamson, MD, Editor 

BLOOD 

University District Building—Room 410 
1107 NE 45th St 

Seattle, WA 98105 

(206) 545-8080 

All checks and money orders must be marked with the first 
author's name, in order to avoid delay in processing. Receipt of a 
manuscript will be acknowledged by a card bearing the name of 
the Editor or Associate Editor who is assigned responsibility for 
the review process. All correspondence concerning the manu- 
script should be addressed to the Editor or Associate Editor. 
Effective January 1, 1986, all manuscripts submitted to BLOOD 
and subsequently accepted for publication will be assessed a 
$30.00 charge per published page. This charge is necessary to 
offset the increasing costs of publication. 

Papers reporting human experimentation will be reviewed in 
accordance with the precepts established by the Helsinki Decla- 
ration. Copies of this declaration may be obtained by writing to 
the American Medical Association, 535 N Dearborn St, Chicago, 
IL 606 10. Such papers must include a statement that the human 
investigations were performed after approval by a local Human 
investigations Committee and in accord with an assurance filed 
with and approved by the Department of Health and Human 
Services where appropriate. 

All manuscripts dealing with recombinant DNA research must 
include a description of the physical and biologic containment 
procedures practiced, in accord with the National Institutes of 
Health Guidelines for Research Involving Recombinant DNA 
Molecules. The Editors of BLOOD will assume that the authors of 
research papers published in BLOOD are prepared to distribute to 
bona fide academic investigators exclusively for their own 
research any clone of cells or DNA used in the experiments. 
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PREPARING THE MANUSCRIPT 


The original and two complete copies of the manuscript 
(including letters to the Editor) must be submitted. Manuscripts 
must be typewritten, double or triple spaced on good quality 
8v,-by-11-inch white paper with margins of at least one inch. 
Please do not use erasable bond. 

The first page of the manuscript should contain the following 
information: (1) title of the paper; (2) authors' names; (3) name 
of institution in which work was done; (4) acknowledgments for 
research support; (5) name and address of the author to whom 
communications regarding the manuscript should be directed. 

The second page should contain an abstract of 200 words or 
less, summarizing the reason for the study, the methods used, 
the results, and the major conclusions. Do not include a summary 
at the end of the paper. 

PREPARING ILLUSTRATIONS AND TABLES 

Tables and illustrations must be cited in order in the text using 
arabic numerals. All line drawings should be submitted as clear, 
glossy, black and white photographs. Hand-drawn or hand- 
lettered illustrations are unacceptable. Legible copies may be 
used only with the duplicate manuscripts. Photomicrographs and 
other photographic illustrations must be submitted in triplicate; 
photocopies of photographs and line drawings are not accept- 
able. The name of the first author, figure number, and designation 
of the top of the illustration should be marked on the back of each 
illustration with a soft lead pencil. Authors should avoid mounting 
illustrations on boards unless mounting is necessary to insure 
proper placement. Legends for illustrations should be typewrit- 
ten, double spaced, on a separate sheet, and included at the end 
of the manuscript. A legend must accompany each illustration. 
Contributors will pay all charges involved in processing and 
printing of color photographs. 

Figures, especially charts, graphs, and line drawings, are 
generally reduced in size for publication (consult a recent issue of 
the journal for examples). To maintain legibility it is important 
that all numbers, letters, and symbols be large enough originally 
so that when reduced they will remain at least yu inch (2 mm) 
high (ie, approximately the same size as used for this line of type). 
Figures not properly prepared will have to be returned to the 
contributor for revision or will be relettered by the printer and the 
cost charged to the contributor. 

Each table should be typed on a separate sheet and appropri- 
ately numbered. Table legends should be typed on the same 
sheets as the tables. 

Failure to comply with the specifications for preparing illustra- 
tions and tables may result in a delay of the review process. 

REFERENCES 

References should be compiled at the end of the article 
according to the order of citation in the text. They should be 
typewritten, double spaced, under the heading REFERENCES. 
Abbreviations for titles of medical periodicals should conform to 
those used in the latest edition of Index Medicus. (A "List of 
Journals Indexed in Index Medicus'' — with abbreviations —is 
obtainable from the Superintendent of Documents, US Govern- 
ment Printing Office, Washington, DC 20402, at a modest 
charge.) Name all authors. Supply only first page number for each 
reference. References to abstracts and letters must be identified 
as such. 


INFORMATION FOR CONTRIBUTORS 


Personal communications and references to publications in 
press by authors other thar those submitting the paper must be 
substantiated by a letter from the investigator(s) concerned 
confirming the data or observations and granting the authors 
permission to cite the material. 


EXAMPLES OF REFERENCES 


Journal article, one or more authors: 

1. Golomb HM, Vardiman J, Sweet DL, Simon D, Varia- 
kojis D: Hairy cell leukemia: Evidence for the existence of a 
spectrum of functional capabilities. Br J Haematol 38:161, 
1978 
Journal article, in press: 

2. O'Malley JE, Eisenberg L: The hyperkinetic syndrome. 
Semin Psychiatry lin press) 

Complete book: 

3. Lillie RD: Histopathologic Technic and Practical Histo- 
chemistry (ed 3). New York, Blakiston, 1965, p 39 
Chapter of book: 

4. Moore G, Minowada J: Human hemopoietic cell lines: A 
progress report, in Farnes P (ed): Hemic Cells In Vitro, vol 4. 
Baltimore, Williams & Wilkins, 1969. p 100 
Chapter of book that is part of published meeting: 

5. Natvig JB, Kunkel HG, Gedde-Dahl T Jr: Genetic studies of 
the heavy chain sub-groups of G giobulin, in Killander J (ed): 
Gamma Globulins, Proceecings of the Third Nobel Symposium. 
New York, Wiley, 1967 
Chapter of book that is part of unpublished meeting: 

6. Polliak A: A morphoiogic study of the lymphoproliferative 
lesions induced by excess vitamin A. First Meeting, European 
Division, International Society of Hematology, Milan, 1971, p 
181 
Abstract: 

7. Curnutte JT, Karncvsky ML, Babior BM: Manganese- 
dependent NADPH oxidation by a particulate preparatíon from 
guinea pig granulocytes: An alternative interpretation. Clin Res 
23:271A, 1975 (abstr) 

Letter to the Editor: 

8. Seeler RA: Sickle cell anemia monthly variations. Blood 

47:879, 1976 (letter) 


PROOFREADING 


Contributors are provided with galley proofs and are asked to 
proofread them for typesetting errors. Important changes in data 
are allowed, but authors will be charged for excessive alterations 
in proof. Galley proofs should be returned within 48 hours. 


REPRINTS 


Reprints of articles cam be furnished to contributors when 
ordered in advance of publication. An order form, showing cost of 
reprints, is sent with proofs. Individuals wishing to obtain reprints 
of an article that appeared in BLOOD can do so by contacting the 
author at the address given in the journal. 


ANNOUNCEMENTS 


Announcements of meetings, conferences, and the like that 
are of interest to the readership of BLOOD should be sent to the 
Editor at least three months before the first day of the month of 
issue. Fees for announcements vary, depending on their size and 
the number of issues involved. Prices may be obtained by 
contacting the BLOOD office. 





















AMGEN BIOLOGICALS INTRODUCES - 
Granulocyte Colony Stimulating Factor 


For scientists investigating the development Recent advances in genetic engineering have 
and function of the immune system and related permitted Amgen scientists and collaborators to . 
. disorders, Amgen Biologicals offers a new white pioneer the cloning of one of the human CSFs: - 
. blood cell growth factor: purified, human recom- granulocyte colony stimulating factor (G-CSF). _ 
- binant G-CSF for in vitro and laboratory animal This factor preferentially stimulates the develop- . 
. use only. ment of granulocyte precursors in the bone 

P marrow. It further mediates specific immune 
defense responses of mature granulocytes 
targeted against invading microorganisms. 
G-CSF has been shown to induce some myeloid 
leukemia cells to differentiate from their 
immature cancerous state to mature cells with 
apparently normal characteristics. /n vitro, 
G-CSF has demonstrated its ability to support 
granulocyte/macrophage colony formation 
(CFU-GM), with a predominance of neutrophil 
colonies. 








PURITY: > 9596 priorto 
: . formulation in HSA 


ACTIVITY: — —1x108U/mg CSF 
STABILITY: > 4 months 





For more information and ordering call: 
Toll Free: _ 800-343-7475 
AnCalifornia: 805-499-5725 









IN:For research use only in laboratory animals or in vitro testing. Not for diagnostic or human use. - 





For Alexander, 

who cant produce 
enough antibodies 
to fight infection... 


Young or old, patients without sufficient levels of 
antibodies face overwhelming infection. . .and 
they urgently need help. Aggressive IGIV 
treatment with GAMIMUNE'" N gives these 
patients the edge that may make the difference: 
antibodies against major bacterial, viral and fungal 
pathogens, in just minutes. l 

For patients like Alexander, GAMIMUNE* N 
provides premium IGIV: immune globulin that 
contains at least 98% pure gamma globulin’; 
unmodified “native” IgG with immunologic 
activity of normal plasma; and documented in 
vitro inactivation of HTLV-II virus* during 
fractionation from plasma to final gamma 
globulin.?* 

When patients don't have enough antibodies 
to fight infection, like Alexander, it's nice to know 
that GAMIMUNE' N does. 


Aggressive IGIV treatment in 
immunodeficiency syndromes. 
Also for both chronic and 

acute [TP in children and adults. 


Gamimune N 


Immune Globulin 
Intravenous (Human) 596 
(in 10% Maltose), pH 4.25 


No more expensive than 
other IGIV therapy, 
GAMIMUNE' N may, in 
some cases, be less 
expensive. À contributing 
factor is that GAMIM 
is a convenient, ready 
liquid formulation that saves 
valuable pharmacy time. 







O-Us 


No premium cost 
for TODAY'S 
State-of-the-Art 
IGIV 





"The Cohn-Oncley process used to produc 
GAMIMUNE? N has been challenged in 
vitro with a virus spike of 1 x 10° of HTLV. 
and found to remove and/or inactivate the 
viral challenge. In addition, GAMIMUNE 
undergoes an incubation step as a final 
container which has been shown to effect 
additional 1 x 10" to 1 x 10" reduction of 
HTLV.III? In a separate study of intraven 
immune globulins conducted by the Food: 
Drug Administration, an £s rifro challenge 
each of the six Cohn-Oncley fractionation 
steps using HTLV-II demonstrated a 
cumulative reduction of greater than 1x H 
infectious units.* 








Please see following page for brief sumnu 
of prescribing information. 


Gamimune N 


Immune Globulin 
Intravenous (Human) 5% 
(in 10% Maltose), pH 4.25 


CLINICAL PHARMACOLOGY 

Gamimune® N supplies a broad spectrum of opsonic and neutralizing IgG antibodies for 
the prevention or attenuation of a wide variety of infectious diseases. As Gamimune"* Nis 
administered intravenously, essentially 100% of the infused IgG antibodies are immedi- 
ately available in the recipient's circulation. A relatively rapid fall in serum igG level in the 
first week post-infusion is to be expected: this decrease averages 50% of the peak level 
achieved immediately post-infusion and is mainly due to the equilibration of IgG between 
the plasma and the extravascular space. The in vivo half-life of Gamimune* N equals or 
exceeds the three week half-life reported for IgG in the literature. but individual patient 
variation in half-life has been observed. Thus, this variable as well as the amount of 
immune globulin administered per dose is important in determining the frequency of 
administration of the drug for each individual patient. 

The intravenous administration of solutions of maltose has been studied by several 
investigators. Healthy subjects tolerated the infusions well, and no adverse effects were 
observed at a rate of 0.25 g maltose/kg body weight per hour. in safety studies conducted 
by Cutter Biological, infusions of 10% maltose administered at 0.27-0.62 g maltose/kg 
per hour to normal subjects produced either mild side effects (e.g. headache} or no 
adverse reaction. Following intravenous administrations of maltose, maltose was 
detected in the peripheral blood: there was a dose-dependent excretion of maltose and 
&iucose in the urine and a mild diuretic effect. These alterations were well tolerated with- 
out significant adverse effects. The highest recommended infusion rate, 0.08 mL/kg 
body weight per minute (see DOSAGE AND ADMINISTRATION), is equivalent to 0.48 g 
maltose/kg body weight per hour 

The buffer capacity of Immune Globulin Intravenous (Human) 5% (in 10% Maitose). pH 
4.25-—-Gamimune* N is 16.5 mEq/L { ~ 0.3 mEq/g protein): a dose of 150-400 mg/kg (3-8 
mL/kg) body weight therefore represents an acid load of 0.0495-0.1320 mEq/kg body 
weight. The total buffering capacity of whole blood in à normal individual is 45-50 mEq/L 
of blood, or 3.6 mEq/kg body weight. Thus, the acid load delivered in the largest dose of 
Gamimune® N would be neutralized by the buffering capacity of whole blood alone, even if 
the dose were infused instantaneously. (An infusion usually lasts several hours.) 

In Phase | human studies, no change in arterial blood pH measurements was detected 
following the intravenous administration of Gamimune” N at a dose of 150 mg/kg body 
weight; following a dose of 400 mg/kg body weight in 37 patients, there were no clinically 
important differences in mean venous pH or bicarbonate measurements in patients who 
received Gamimune* N compared with those who received a chemically modified intra- 
venous immunoglobulin preparation with a pH of 6.8. 

In patients with limited or compromised acid-base compensatory mechanisms, consid- 
eration should be given to the effect of the additional acid load Gamimune* N might 
present. 

INDICATIONS AND USAGE 

immunodeficiency Syndromes: Gamimune* N is indicated for the maintenance treat- 
ment of patients who are unable to produce sufficient amounts of IgG antibodies. Usage 
of Gamimune* N may be preferred to that of intramuscular immunoglobulin preparations, 
especially in patients who require an immediate increase in intravascular immunoglobulin 
levels, in patients with a small muscle mass, and in patients with bleeding tendencies in 
whom intramuscular injections are contraindicated. It may be used in disease states such 
as congenital agammaglobulinemia (e.g., X-linked agammag'obulinemia), common varia- 
ble hypogammaglobulinemia, X-linked immunodeficiency with hyper IgM and in severe 
combined immunodeficiency. 

idiopathic Thrombocytopenic Purpura (ITP): Investigations in both children and adults 
have shown that Gamimune"* N may initiate a therapeutic increase in the platelet count. in 
clinical studies of Gamimune® N, five of six (83.3%) children and 10 of 16 (62.596) adults 
with acute or chronic ITP demonstrated clinically significant increments in the plateiet 
count during or following an initial treatment course with Gamimune* N at a dose of 400 
mg/kg body weight daily for five days. The duration of the platelet rise following treatment 
of ITP with Gamimune® N was variable, ranging from several days up to 12 months or 
more. Several ITP patients demonstrated continuing responsiveness over many months 
to intermittent Gamimune* N 400 mg/kg body weight single dose maintenance courses. 
Two of three children with acute ITP treated with Gamimune* N rapidly wentinto complete 
remission. However, childhood ITP may respond spontaneously without treatment. Four 
patients with refractory ITP were able to urftlergo major surgical procedures as a result of 
the rapid rise in platelet count associated with Gamimune* N treatment. 

in addition. one patient with severe thrombocytopenia due to post-transfusion purpura 
(PL^! alloimmune antibody with platelet anti PL^! specificity) also responded to treatment 
with Gamimune® N, at a dose of 400 mg/kg body weight daily for 5 days: there was a rapid 
rise in the platelet count commencing on the third day of treatment. 

It is presently not possible to predict which patients with ITP will respond to therapy, 
although the increase in platelet counts in children seems to be better than that of adults 
In clinical situations in which a rapid rise in platelet count is needed to control bleeding or 
to allow a patient with ITP to undergo surgery. administration of Immune Globulin Intra- 
venous (Human) 5% (in 10% Maltose). pH 4.25—Gamimune* N should be considered: in 
patients in whom a response is achieved. the rise of platelets is generally rapid (within 1-5 
days). transient (most often lasting from several days to several weeks) and should not be 
considered curative, In some patients who relapse, a maintenance dose of Gamimune* N 
administered every several weeks may be of benefit once the platelet count decreases to 
clinically hazardous levels (see DOSAGE AND ADMINISTRATION). 

CONTRAINDICATIONS 

Gamimune* N is contraindicated in individuals who are known to have had an anaphylactic 
or severe systemic response to Immune Globulin (Human). individuals with selective IgA 
deficiencies who have known antibody against IgA (ant-igA antibody) should not receive 
Gamimune® N since these patients may experience severe reactions to the IgA which may 
be present 





WARNINGS 
Gamimune® N should be administered only intravenously as the intramuscular and subcu- 
taneous routes have not been evaluated. 

Gamimune® N may. on rare occasions, cause a precipitous fall in blood pressure and a 
clinical picture of anaphylaxis, even when the patient is not known to be sensitive to 
immune globulin preparations. These reactions may be related to the rate of infusion 
Accordingly, the infusion rate given under DOSAGE AND ADMINISTRATION shouid be 
closely followed, at least until the physician has had sufficient experience with a given 
patient. The patient's vital signs should be monitored continuously and careful observa- 
ton made for any symptoms throughout the entire infusion. Epinephrine should be avail- 
abie for the treatment of an acute anaphylactic reaction 
PRECAUTIONS 
General: Any vial that has been entered should be used promptly. Partially used vials 
should be discarded. Do not use if turbid. Solution which has been frozen should not 
be used. 

Drug Interactions: if dilution is required. Gamimune* N may be diluted with 5% dextrose 
in water (D5/W). No other drug interactions or compatibilities have been evaluated. It is 
recommended that infusion of Gamimune* N be given by a separate line, by itself, without 
mixing with other intravenous fluids or medications the patient might be receiving. 
Pregnancy Category C: Animal reproduction studies nave not been conducted with 
Gamimune* N. It is not known whether Gamimune® N can cause fetal harm when admin- 
istered to a pregnant woman or can affect reproduction capacity. Gamimune® N should 
be given to a pregnant woman only if clearly needed 

ADVERSE REACTIONS 

ina study of 37 patients with immunodeficiency syndromes receiving Gamimune® N at a 
monthly dose of 400 mg/kg body weight, reactions were seen ín 5.2% of the infusions of 
Gamimune* N. Symptoms reported with Gamimune* N included malaise, a feeling of 
faintness, fever, chills, headache, nausea, vomiting, chest tightness, dyspnea and chest, 
back or hip pain. In addition, mild erythema following infiltration of Immune Globulin Intra- 
venous (Human) 5% (in 10% Maltose). pH 4.25--Gamimune® N at the infusion site was 
reported in some cases 

In further studies of Gamimune* N in the treatment of both adult and pediatric patients 
with ITP systemic reactions were noted in only 4 of 154 (2.6%) infusions. and all but one 
occurred at rates of infusion greater than 0.04 mL/kg body weight per minute. The symp- 
toms reported included chest tightness, a sense of tachycardia (pulse was 84 beats per 
minute), and a burning sensation in the head, these symptoms were all mild and transient. 
Erythema, pain, phlebitis, or eczematous reactions at the infusion site were also reported 
following infusion of Gamimune* N to adult ITP patients. These reactions occurred in 
11.6% of the infusions of Gamimune* N and in 43.8% of the adult ITP population. No 
pediatric patients experienced localized reactions at the infusion site. 

in the studies undertaken to date. other types of reactions have not been reported with 
Gamimune* N. It may be, however that adverse effects will be similar to those previously 
reported with intravenous and intramuscular immunoglobulin administration. Potential 
reactions, therefore, may also include anxiety, flushing, wheezing, abdominal cramps, 
myalgias, arthralgia, and dizziness; rash has been reported only rarely. Reactions to intra- 
venous immunoglobulin tend to be related to the rate of infusion. 

True anaphylactic reactions to Gamimune* N may occur in recipients with documented 
prior histories of severe allergic reactions to intramuscular immunoglobulin, but some 
patients may tolerate cautiously administered intravenous immunoglobulin without 
adverse effects. Very rarely an anaphylactoid reaction may occur in patients with no prior 
history of severe allergic reactions to either intramuscular or intravenous 
immunoglobulin. 

DOSAGE AND ADMINISTRATION 

immunodeficiency Syndromes: The usual dosage of Gamimune* N for prophylaxis iri 
immunodeficiency syndromes is 100—200 mg/kg (2-4 mL/kg) of body weight adminis- 
tered approximately once a month by intravenous infusion. If the clinica! response is 
inadequate, or the level of IgG achieved in the circulation is felt to be insufficient, the 
dosage may be given more frequently or increased as high as 400 mgikg (8 mL/kg) 
body weight. 

idiopathic Thrombocytopenic Purpura: An increase in platelet count has been observed 
in children and some adults with acute or chronic ITP receiving Gamimune® N, 400 mg/kg 
body weight daily for five days. A response usually occurs within several days and is main- 
tained for a variable period of time. In general a response is seen less often in adults than 
in children. In patients who have shown a response, a maintenance dose of Gamimune* N 
of 400 mg/kg body weight administered as a single dose every several weeks may be of 
benefit once the platelet count decreases to clinically hazardous levels. 

Investigations indicate that Gamimune* N is well-tolerated and less likely to produce 
side effects when infused at the indicated rate. It is recommended that Gamimune* N be 
infused by itself at a rate of 0.01 to 0.02 mL/kg body weight per minute for 30 minutes; if 
well toierated, the rate may be gradually increased to a maximum of 0.08 mL/kg body 
weight per minute. If side effects occur, the rate may be reduced, or the infusion inter- 
rupted until symptoms subside. The infusion may then be resumed at the rate which is 
comfortable for the patient. 

Parenteral drug products should be inspected visually for particulate matter and discol- 
oration prior to administration, whenever solution and container permit. 

U.S. License No. 8 





REFERENCES: 1. GAMIMUNE* N Package Insert. 2. Mitra G, Wong MF. Mosen MM, et al: 
Elimination of infectious retrovirus during preparation of immunoglobulins. Submitted for 
publication in Transfusion. 3. Wells MA, Wittek AE, Epstein JS, et al: Inactivation and parti- 
tion of human T-cell lymphotropic virus, type Ill. during ethanol fractionation of plasma, 
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EFFICACY WELL ESTABLISHED 


The efficacy of INTRON A was established in a 26-center clinical trial 
of 145 patients with progressive hairy cell leukemia, a B-cell malig- 
nancy. INTRON A achieved a 74% objective response, measured as 
normalization of granulocyte, hemoglobin and platelet values and 
elimination of transfusion dependency.' 


92% PROBABILITY OF SURVIVAL 


In a separate analysis, a 24-month comparison was conducted 
between the INTRON A study population and historical controls.” 
After three months of therapy, patients receiving INTRON A reached 
and maintained a plateau of 92% probability ot survival. The 
probability of survival among historical controls, however, declined 
steadily to 40% at 24 months.' 


KAPLAN-MEIER ESTIMATED SURVIVAL CURVES 
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DRAMATIC CLINICAL IMPROVEMENTS 


More than 80% of the study population achieved normal levels of 
platelets by three months, of hemoglobin by six months and ot 
granulocytes by twelve months. Marked decreases in the incidence 
of life-threatening infections and transtusion dependency preceded 
normalization of hematologic values.' 


THERAPY WELL TOLERATED 


Treatment-related side effects were generally mild to moderate and 
rapidly reversible upon discontinuation of therapy. The predominant 
complaint was a flu-like syndrome, which usually diminished with 
continued therapy. Mild-to-moderate skin rashes occurred 
intermittently in 40% of the study population. A low incidence of 
mild-to-moderate GI disorders was also reported. | 





For a brief summary of prescribing information, please see the following page. 


A NEW CLASS OF 
CANCER THERAPY 


A BIOLOGIC 
,,RESPONSE MODIFIER 


To date, interferon actions in experimental 
systems have not been directly correlated with its 
clinical efficacy. However, as a biologic response 
modifier, interferon may modulate the immune 
system,*^* indirectly affect cell differentiation? 
and phenotypic expression*? and enhance 
protection against viral infection.” In addition, 
interferon may have antiproliferative activity in 
experimental systems, seen as oncogene 
inhibition"? and cytostatic action. * ^5 


„99% PURITY 


INTRON A production utilizes the new 
biotechnology of genetic engineering and 
Schering's advanced production process for 
assured purity. 


For more information, please call 1-800-4-INTRON. 


APPLYING NEW TECHNOLOGY 
FOR ADVANCES IN ONCOLOGY 





PRODUCT INFORMATION 


THE FIRST INTERFERON 
FROM SCHERING RESEARCH 


INTRON’ A Interferon alía-2b 


recombinant for Injection 


BRIEF SUMMARY 


INDICATIONS AND USAGE INTRON A for Injection is indicated for the treatment of 
patients 18 years of age or older with hairy cell leukemia. Studies have shown that INTRON A 
can produce clinically meaningful regression or stabilization of this disease, both in 
previously splenectomized and non-splenectomized patients. 

Prior to initiation of therapy, tests should be pertormed to quantitate peripheral blood 
hemoglobin, platelets, beside and hairy cells and bone marrow hairy cells. These 
parameters should be monitored periodically during treatment to determine whether 
response to treatment has occurred. If a patient does not respond within 6 months, 
treatment should be discontinued. If a response to treatment does occur, treatment usually 
should be continued until no further improvement is observed and these laboratory 
parameters have been stable for about 3 months (see DOSAGE AND ADMINISTRATION). It 
is not known whether continued treatment after that time point is beneficial. Studies are in 
progress to evaluate this question. 


CONTRAINDICATIONS INTRON A is contraindicated in patients with a history of hypersen- 
sitivity to interferon alfa or any component of the injection. 


WARNINGS Moderate to severe adverse experiences may require modification ot the 
patient's dosage regimen, or in some cases, termination of therapy with INTRON A. 

Because of the fever and other “flu-like” symptoms associated with INTRON A adminis- 
tration, it should be used cautiously in patients with debilitating medical conditions. such as 
those with a history of cardiovascular disease (e.g., unstable angina, uncontrolled conges- 
tive heart failure}, pulmonary disease (e.p., chronic obstructive pulmonary disease), or 
diabetes mellitus prone to ketoacidosis. Caution should also be observed in patients with 
coagulation disorders (e.g., thrombophlebitis, pulmonary embolism: or severe myelosup- 

ression. 
p Patients with platelet counts of less than 50,000/mm? should not be administered 
INTRON A intramuscularly, but instead by subcutaneous administration. 

Cardiovascular adverse experiences which include significant hypotension, arrhythmia, 
or tachycardia of 150 beats per minute or greater, were observed in approximately 3% of the 
patients studied who had various malignancies and were treated at doses higher than those 
for hairy cell leukemia. The incidence of these complications in patients with preexisting 
heart disease is unknown. Hypotension may occur during administration, or up to two days 
post therapy, and may require supportive therapy including fluid replacement to maintain 
intravascular volume. Supraventricular arrhythmias occurred rarely and appeared to be 
correlated with preexisting conditions, and prior therapy with cardiotoxic agents, These 
adverse experiences were controlled by modifying the dose or discontinuing treatment, 
but may require specific additional therapy. 

Those patients with a recent history of myocardial infarction and/or previous or current 
arrhythmic disorder, who require INTRON A therapy, should be closely monitored (see 
Laboratory Tests). 

Central nervous system effects manifested by depression, confusion and other alterations 
of mental status were observed in about 2% of hairy cell leukemia patients treated with 
INTRON A, The overall incidence in a larger patient population with other malignancies 
treated with higher doses of INTRON A was 10%. More significant obtundation and coma 
have been observed in some patients, usually elderly, treated at higher doses for other 
malignant diseases, These effects are usually rapidly reversible. In a few severe episodes, 
full resolution of symptoms has taken up to three weeks. Patients should be closely 
monitored until resolution of these effects. Discontinuation of INTRON A Interferon 
alta-2b, recombinant for Injection therapy may be required. Narcotics, hypnotics, or 
sedatives may be used concurrently with caution. 

Acute serious hypersensitivity reactions (e.g., urticaria, angioedema, bronchoconstric- 
tion, anaphylaxis, etc.) have not been observed in patients receiving INTRON A; however, 
if such an acute reaction develops, the drug should be discontinued immediately and 
appropriate medical therapy instituted. Transient cutaneous rashes have occurred in some 
Patients following injection, but have not necessitated treatment interruption. 

Laboratory abnormalities which occurred in hairy cell leukemia patients included 
elevated SGOT and SGPT, which occurred in 4% and 13% of patients, respectively. The 
overall incidences of laboratory abnormalities in a larger patient population with other 
malignancies, and treated at higher doses were somewhat higher. These included elevated 
liver function tests (SGOT, SGPT in 10% of patients! and reductions in granulocyte (20% of 
patients) and platelet counts (18% of patients) (see Laboratory Tests). These abnormalities 
are usually mild to moderate and transient, Severe abnormalities of these laboratory 
parameters are usually rapidly reversible upon cessation or reduction of INTRON A therapy. 


PRECAUTIONS Information for Patients Patients being treated with INTRON A should be 
directed in its appropriate use, informed of benefits and risks associated with treatment and 
referred to the Patient Information Sheet. 

Patients should be cautioned not to change brands of Interferon without medical 
consultation as a change in dosage may result. 

It is advised that patients be well hydrated especially during the initial stages of treatment 
Laboratory Tests in addition to those tests normally required tor monitoring patients with 
hairy cell leukemia, the following laboratory tests are recommended tor all patients on 
INTRON A therapy, prior to beginning treatment and then periodically thereafter: 

* Standard hematologic tests — including complete blood counts and difterential as well as 
latelet counts. 
* Blood chemistries — electrolytes and liver function tests. 

Those patients who have preexisting cardiac abnormalities and/or are in advanced stages 
of cancer, should have electrocardiograms taken prior to and during the course of treatment. 
Carcinogenesis, Mutagenesis, impairment of Fertility Studies with INTRON A have not been 
performed to determine carcinogenicity. or the effect on fertility. Interferon may impair 
fertility. Mutagenicity studies with INTRON A revealed no adverse effects. 

Studies in mice, rats, and monkeys injected with INTRON A for up to one month have 
revealed no evidence of toxicity. However, due to the known species-specificity of inter- 
feron, the effects in animals are unlikely to be predictive of those in man. 

Pregnancy Category C Animal reproduction studies have not been conducted with INTRON A. 
it is also not known whether INTRON A can cause fetal harm when administered to a 
pregnant woman or can affect reproduction capacity. INTRON A should be given to a 
pregnant woman only if clearly needed. Another interferon alfa preparation has been 
Shown to have abortifacient effects in Macaca mulatta (rhesus monkeys! when given at 20 to 
500 times the human dose. Therefore, INTRON A should be used during pregnancy only if 











the potential benefit justities the potential risk to the fetus. In studies of interferon use in 
non-human primates, abnormalities of the menstrual cycle have been observed 

INTRON A Interferon alfa-2b, recombinant for Injection should be used with caution in 
fertile men and women. 
Nursing Mothers It is not known whether this drug is excreted in human milk. However, 
studies in mice have shown that mouse interferons are excreted into the milk. Because of 
the potential for serious adverse reactions from INTRON A in nursing infants, à decision 
should be made whether to discontinue nursing or to discontinue the drug. taking into 
account the importance of the drug to the mother. 
Pediatric Use Safety and effectiveness have not been established in patients below Ihe age 
ot 18 years. 


ADVERSE REACTIONS Adverse reactions to INTRON A are dose-related. in studies of 
patients with malignancies other than hairy cell leukemia, hematologic and hepatic toxicities 
were more common in patients receiving individual injections Breater than 10 million IU, 
than in patients receiving less than this amount. Hematologic, hepatic, cardiovascular and 
neurologic toxicities were more common in patients receiving more than 30 million IU per 
injection than in patients receiving less than that amount. 

The following adverse reactions were reported to be possibly or probably related to 
INTRON A therapy during clinical trials. The most frequently reported adverse reactions 
were flu-like symptoms, primarily fever, fatigue, and chills which occurred in almost all 
patients treated. Other organ systems in which reactions occurred in more than 5% of the 
patients are: 

General — Taste alteration, anorexia and weight decrease occurred uncommonly 
Cardiovascular — Mild hypotension was frequently recorded although it was rarely symp- 
tomatic. Hypertension also occurred less commonly. Tachycardias occurred uncommonly 
usually in association with high fevers. 

Gastrointestinal System — Nausea was common, although vomiting occurred rarely, Mild 
diarrhea was reported less commonly. 

Hematologic — Mild thrombocytopenia and transient granulocytopenia occurred commonly. 
Musculo-Skeletal System — Myalgia and arthralgia occurred commonly, usually in association 
with other flu-like symptoms. i 

Nervous System — Headache, somnolence, confusion, and dizziness occurred uncom- 
monly. Ataxia and paresthesia were rare. 

Psychiatric — Anxiety, depression and nervousness occurred uncommonly 

Skin and Appendages — Mild pruritus occurred uncommonly. Mild alopecia was uncommon 
Various transient, mild skin rashes were seen frequently in patients with hairy cell leukemia. 
Other Adverse Reactions — The following adverse reactions were reported with an incidence 
of 5% or less: leg cramps, constipation, insomnia, herpetic eruptions, non-herpetic cold 
sores, urticaria, hot flashes, supraventricular arrhythmias, epistaxis, stomatitis, paralytic 
ileus, dehydration, coagulation disorder (elevated PT and PTT), abnormal vision, tremor, 
emotional lability, chest pain, pharyngitis and syncope 

Adverse reactions reported rarely (less than 1%) were dyspepsia, purpura, dyspnea, 
sneezing, oculomotor paralysis, nasal congestion, flatulence, increased saliva, hyperglyce- 
mia, and ulcerative stomatitis 
Laboratory Value Changes — Those patient laboratory values which were normal tu moder- 
ately abnormal (WHO grades 0-2) at baseline that worsened to either severe or lite- 
threatening abnormalities (WHO grades 3 or 4) during some phase of treatment included: 
WBC, platelets, granulocytes, SGOT, creatinine, SGPT, LDH, and alkaline phosphatase. 


DOSAGE AND ADMINISTRATION The recommended dosage of INTRON A for Injection for 
the treatment of hairy cell leukemia is 2 million }U/m2 administered intramuscularly (see 
WARNINGS! or subcutaneously 3 times a week. Higher doses are not recommended, The 
normalization of one or more hematologic variables usually begins within 2 months of 
initiation of therapy. Improvement in all three hematologic variables may require 6 months 
or more of therapy. 

This dosage regimen should be maintained unless the disease progresses rapidly, or 
severe intolerance is manifested. If severe adverse reactions develop, the dosage should be 
modified (50% reduction! or therapy should be temporarily discontinued until the adverse 
reactions abate. If persistent or recurrent intolerance develops following adequate dosage 
adjustment, or disease progresses, treatment with INTRON A Interferon atta-2b, recombi- 
nant for Injection should be discontinued. The minimum effective dose of INTRON A has 
not been established. 

At the discretion of the physician, the patient may selt-administer the dose. The medica- 
tion may be administered at bedtime. 


HOW SUPPLIED INTRON A Interferon alfa-2b, recombinant for Injection is available in 3-, 
5-, 19- and 25-million IU vials. each packaged with its own diluent. 

Store INTRON A for injection, both before and after reconstitution, between 2° and 8°C 
(36^ and 46^F). 1B5- 13762805 
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was a mysterious disease. Little 
was known about the cause. Less 
was known about the cure. 

But since then, the Leukemia 
Society of America has funded 
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REVIEW 


a-Thalassemia in Blacks: Genetic and Clinical Aspects and Interactions 
With the Sickle Hemoglobin Gene 


By Martin H. Steinberg and Stephen H. Embury 


Recent advances in molecular genetics have permitted 
detailed study of the human a-globin genes and the causes 
of a-thalassemia. In this review, we examine the causes of 
a-thalassemia in the black population and the conse- 


HE DETAILED EXPOSITION of the location, struc- 
ture, and number of a-globin genes using recombinant 
DNA technology clarified our understanding of the genetic, 
clinical, and hematologic features of a-thalassemia. In black 
Americans the heterozygote frequencies of a-thalassemia 
and HbS are about 0.30 and 0.08, respectively. The hemato- 
logic and clinical features of the sickle hemoglobinopathies 
are influenced by their interactions with a-thalassemia. In 
this review we discuss a-thalassemia in blacks and its effects 
upon sickle and other hemoglobinopathies. 


GENETICS OF a-THALASSEMIA IN BLACKS 


The o-globin gene cluster resides on the short arm of 
chromosome 16.'? The two a-globin genes are separated by 
less than 4 kb of DNA? and code for identical globin chains. 
The £-globin gene? is normally expressed only during 
embryogenesis. A map of the a-globin gene cluster, along 
with the extent of the deletions that have been described in 
blacks, is shown in Fig 1. The deletion of a single a-globin 
gene from one or both chromosomes accounts for most forms 
of a-thalassemia in this population.” The prevalence of 
a-thalassemia varies among the black populations so far 
examined,® but within the United States the heterozygote 
frequency is about 0.30,° while about 2% of this population 
are homozygotes. By far the most prevalent deletion causing 
a-thalassemia in blacks removes about 3.7 kb of DNA 
(~a*’, “rightward deletion").? The single a gene associated 
with this deletion may be an aa, fusion product or the intact 
o gene.” The “leftward” ( —a*?) deletion is seen mainly in 
Asians,’ but has also been found in blacks." The restriction 
fragments characteristic of both deletions are shown in Table 
I. 

Chromosomes that have lost both a genes ( — — /) are rare 
in blacks, and only two instances have been fully character- 
ized (Fig 1). In one patient, the entire a-like gene cluster was 
missing." The second patient had a deletion of at least 27 kb 
of DNA, but in distinction to the first, the functional ¢-globin 
gene was present.'^ Rarely, a-thalassemia may be a result of 
a nondeletion, or point mutation.’ 
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quences of the interactions between a-thalassemia and 
structural hemoglobin variants. 
& 1986 by Grune & Stratton, Inc. 


CLINICAL AND HEMATOLOGIC FEATURES OF 
a-THALASSEMIA IN BLACKS 


a- Thalassemias in blacks are rarely clinically significant. 
The major virtue in detection is to distinguish them: (a) from 
iron deficiency, avoiding unwarranted treatment or diagnos- 
tic testing; and (b) from 8 thalassemia, so that misinformed 
genetic counseling is not provided. 

Individuals with the —o/«o genotype are not anemic, and 
usually have a normal mean corpuscular volume (MCV). 
The —a/ —« genotype is associated with microcytic erythro- 
cytes and sometimes with mild anemia. 

Because the — —/ haplotype is so rare in blacks,*' "^ the 
clinically important forms of a-thalassemia that exist in 
other racial groups are either seen rarely (HbH disease) or 
have not yet been described (hydrops fetalis). The proportion 
of HbH in HbH disease may vary from <1% to »20%, and 
the lower concentrations often seen in black patients with 
this condition' may escape detection. 


DIAGNOSIS 


The detection of a-thalassemia in blacks is difficult 
because of the mild hematologic changes that are present. 
There are no characteristic alterations in hemoglobin compo- 
sition which readily permit detection of the simple heterozy- 
gote. The presence of mild microcytosis, in the absence of 
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Fig 1. Map of the a-globin-like gene cluster showing the 
location of the functional {- and a-globin genes and their accom- 
panying pseudogenes. Beneath this map are the various deletions 
described in blacks and accounting for different forms of a- 
thalassemia. The deletion between the (-genes occurs in about 2% 
to 3% of blacks and is not associated with a thalassemia pheno- 
type (data from Rappaport et al™ and Felice™). 


iron deficiency or heterozygous @-thalassemia, suggests the 
presence of a-thalassemia. In addition, a-thalassemia 
reduces the proportion of HbS in carriers of sickle cell trait 
(see below). 

Three approaches have been used to diagnose a-thalasse- 
mia. The most reliable is restriction mapping of the a genes. 
The relative rates of a- and 8-globin synthesis can also be 
measured. In neonates a-thalassemia may be detected by 
finding increased levels of Hb Barts (y4) in cord blood. 
Restriction mapping is rarely indicated clinically. The con- 
siderable overlap of globin synthesis ratios of —a/aa individ- 
uals with those of subjects having either ~a/—a or aa/aa 
blunts the usefulness of this method. Likewise, cord blood 
screening for Hb Barts levels cannot reliably distinguish 
-ajaa from -a/—a and may not always detect —a^" 
heterozygotes. 


a-THALASSEMIA AND HbAS 


HbAS (sickle cell trait) is generally a benign condition, 
although certain uncommon complications are known to 
occur." The interaction of a-thalassemia with HbAS results 
in easily detectable hematologic changes," and the effects of 
the various a-thalassemia genotypes are shown in Tabie 
2.2? Most notable is the influence of different a-globin 
genotypes on the percentage of HbS. 


Table 1. a-Globin Gene Deletions in Blacks 





Characteristic Restriction Pattern* 








Genotype a-gene probe £-gene probe 

~a ajaa Bam HI 14,10 11,6 

Bgl 16.0,12.5,7.0 — 16.0,12.5,11.5,10.5 
~at aaa Bam HI 14,10 11,6 

Bgl ll 12.5,7.0 12.5,11.5,10.5,8 
— aal aa Bam HI 10 11,6 

Bgl fl 16 16,11.5 
-alajo a — BamHI 10 11.6 

Bgl Il 16,7 16,11.5,8.5 
-—[—aa Bam HI 10 11.6 

Bgl ll 16 16,11.5,8.5 
aaa Bam HI 14 11,6 

Bgl 12.5,7.0 12.5,11.5 





*The a-gene probe detects only fragments of DNA that contain 
a-gene sequences while the (-probe detects only DNA that contains 
(-sequences. The size in kilobases for each restriction fragment is given 
next to the enzyme used to cleave DNA.**7'9"* 
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Table 2. The Hematology of a-Thalassemia and Sickle Cell Trait 








a-Globin Genotype Hb (g/d.) MCV (fL) ajg* HbS (96) 
aaa/aa 13-15 80-90 — 40f 
cao 13-15 80-90 1.0 35-45 
—a/aaa 13-15 80-90 — 35-45 
—alaa 13-14 75-85 0.85 30-35 
—aí-—a 12-13 70-75 0.75 25-30 
~-/-a 7-10 50-55 0.50 17-25 





*Ratio of radioactivity incorporated into œ- and -globin chains. The 
normal value is about 1 with ratios of less than 0.85 indicative of deficient 
a-globin synthesis. 

THbS levels in this genotype, studied by Higgs et al? were higher than 
that in aa/aa individuals. The ranges or values given are averages taken 
from the literature and may vary significantly among individuals. '9^?? 
About 50 patients with the ac/««, 40 patients with —a/aa, and 20 
patients with the —a/—a genotype have been reported. Far fewer 
patients with the other a-globir: genotypes have been examined. 


Although most data indicate that HbAS has no significant 
effect on clinical morbidity or mortality," certain studies 
suggest that the fraction of HbS may influence hematologic 
values and clinical events. In a study of 355 black men with 
HbAS who were stratified on the basis of their HbS percent- 
age, this fraction correlated directly with MCV and packed 
cell volume (PCV) but not with the incidence of thrombotic 
events.” However, hematuria was noticed in only three 
subjects with HbS <35% compared to nine patients with 
>35% HbS.™ This observation is consistent with the recent 
finding that subjects with lower fractions of HbS have 
greater urinary concentrating ability.” Moreover, it suggests 
that the fractional HbS content of sickle trait erythrocytes 
may influence the severity of certain clinical complications. 

Other reports have suggested that besides the fractional 
HbS content, there may be other modifying influences on 
events that punctuate the clinical course of sickle cell trait. 
Particularly intriguing are the findings of racial differences 
in the prevalence of splenic infarction in patients at high 
altitude.?" In view of the profound influence of intraery- 
throcytic deoxy-HbS concentration on polymerization kinet- 
ies, it is tempting to speculate that the increased risk of 
nonblack individuals may relate to known differences affect- 
ing red cell hydration.??" Compared to caucasian controls, 
erythrocytes from black individuals have lower Na-K 
ATPase activity and greater Na, K, and total cation content, 
findings that are likely to result in greater cell water content 
and lower mean cellular Eb concentrations (MCHC). While 
not influencing the fracticnal HbS content of red cells, these 
changes are predicted to retard HbS polymerization by 
reducing its intracellular concentration in black individuals. 


a-THALASSEMIA AND OTHER HEMOGLOBIN VARIANTS 


When present with positively charged 8-chain variants, 
like HbC™ or HbE,? a-thalassemia reduces the proportion of 
the abnormal hemoglobin. This reduction is more striking in 
the case of HbE, probably as a result of the intrinsically 
thalassemic behavior of the 6*-gene**** In the case of 
negatively charged 8-variants, like HbJ Baltimore and HbN, 
the presence of a-thalassemia enhances the assembly of the 
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HbJ or HbN tetramer and increases the level of the variant 
hemoglobin.” 

HbG Philadelphia (a*Asn — Lys) is the most common 
a-globin variant in blacks. The proportion of HbG is 
dependent upon the number of functional œ genes,” and 
most studies indicate that HbG levels of about 30% are 
associated with the —a°/aa genotype while levels near 50% 
are associated with the —«/ —a*? gene arrangement. Patients 
with 100% HbG have —a9/ —a?, while those with HbG and 
HbH disease have the — —/ —a* genotype.” Patients with 
20% to 25% HbG appear to have no deleted o genes 
(aa/aa®).” HbG has also been reported in association with 
HbAS-a-thalassemia and HbSS-a-thalassemia.***! 


a@-THALASSEMIA AND SICKLE CELL ANEMIA 


One situation in which the clinical impact of a thalassemia 
has become better understood in recent years is its coexis- 
tence with sickle cell anemia (HbSS).* The availability of 
gene mapping for determining a-globin genotypes has pro- 
vided objective parameters with which to compare the more 
subjective clinical variables of sickle cell disease," and has 
served as a useful tool for dissecting various pathophysiologi- 
cal determinants.“ These studies have also permitted reinter- 
pretation of the earlier reports describing the effects of 
a-thalassemia on HbSS that were based on less objective 
diagnostic techniques.“ °’ 

The first report employing gene mapping documented that 
HbSS individuals who were a-thalassemic, due to the dele- 
tion of either one or two a-globin genes, were less anemic 
than those who were nonthalassemic.* It was also found that 
with decreasing a-globin gene number there was a commen- 
surate reduction in the mean corpuscular hemoglobin 
(MCH) and MCV, and in the estimated MCHC of sickle 
erythrocytes. It was presumed that the profound effect of 
MCHC on HbS polymerization'*5* was responsible for the 
milder degree of anemia and was speculated that the greater 
benefits of single gene deletion vis-a-vis double deletion may 
have been related either to detrimental effects associated 
with greater imbalance of globin synthesis or to the small 
numbers of —«/ —« subjects in the study. Since this report, 
the epistatic influences of a-thalassemia on degree of ane- 
mia" and MCHC***5? have been confirmed, and 
improved circulatory survival of sickle cells from a-thalas- 
semic individuals demonstrated that their milder anemia is 
due to less rapid hemolysis.” The hematologic effects of 
a-thalassemia upon HbSS are shown in Table 3. 

Several published studies of this interaction have ignored 


Table 3. The Hematology of a-Thalassemia 
and Sickle Cell Anemia* 


«a-Globin Genotype Hb (g/dL) MCV (fL)  Reticulocytes HbA, (96) 
ao aua 8.0 + 1.1 92+7 11+6 2.8 + 0.4 
eaa ox 

-alaa 8.6 + 1.1 83+7 9+6 3.3 + 0.6 
a/—a 92+1.3 72+4 7+5 3.8 + 0.4 





* These average values (+ 1 SD) are taken from studies that employed 
a-globin gene mapping.*****" There were 61 patients studied in the 
—«/ —a, 101 in the —a/«a« group, and 186 in the aa/aa group. 
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the influence of —a/a@a and compared only the —a/—a with 
the normal aa/aa genotype. This was due either to the 
notion that a single gene deletion has minimal effect on the 
pathophysiology of sickle cell disease“ or to using diagnostic 
techniques that are unable to reliably detect the 
genotype. This approach limits the number of a-thalassemic 
HbSS subjects available for study, and in —a/ —« individu- 
als, may result in the beneficial effects of a-thalassemia 
being masked by potential negative influences of more 
imbalanced globin synthesis. 

Studies of the effect of a-thalassemia on clinical features 
besides anemia have produced conflicting results. One study 
that employed gene mapping reported less frequent leg ulcers 
and acute chest syndromes in subjects with a-thalassemia, ^ 
while another gene mapping study was unable to confirm this 
effect." This study segregated patients by MCV and MCH 
and globin biosynthesis studies, as well as gene mapping, and 
separate analyses were done on each group. While the 
gene-mapped group was the smallest, the results in each 
group were similar and suggested that neither reduced MCV 
and MCH, nor a-thalassemia were accompanied by a reduc- 
tion in vaso-occlusive complications. Atlhough the analyses 
of patients categorized as a-thalassemic by globin synthesis 
ratios could not address the issue of single v double gene 
deletion, the finding of increased osteonecrosis among a- 
thalassemic HbSS subjects is consistent with an earlier 
report. Another report suggests that retinopathy occurs 
more frequently in subjects with the hematologic character- 
istics of coexistent a-thalassemia and HbSS.*' These para- 
doxically adverse vaso-occlusive effects associated with a- 
thalassemia have been attributed? to the detrimental rheo- 
logic effects caused by higher hematocrits. One group has 
reported that the presence of a-thalassemia may be asso- 


ciated with increased life expectancy, ^ an effect that 


aaa 





Fig 2. Effect of a-globin gene number on the density of sickle 
cells. Twelve-step analytic Stractan gradients consisting of 1-mL 
fractions spanning a density range of 1.120 g/mL to 1.070 g/mL in 
equal increments. Prior to centrifugation, 125 uL of packed eryth- 
rocytes from (A) a normal HbAA control, (B) an HbSS subject 
having two a-globin genes, (C) an HbSS subject having three 
a-globin genes, and (D) a nonthalassemic HbSS subject having four 
a-globin genes. Reprinted with permission." 
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implies an important role for the degree of anemia in 
determining survival. 

The consistent reports of less severe anemia have stimu- 
lated more detailed studies of the mechanisms by which 
a-thalassemia affects sickle cell anemia. In this regard, 
density gradient studies demonstrated that a-thalassemic 
individuals had fewer dehydrated dense cells (Fig 2) and 
confirmed” the interrelated finding of fewer irreversibly 
sickled cells. Using a laser diffraction viscosimeter to 
measure the deformability of sickle cells revealed that cells 
from individuals with a-thalassemia had better deformabili- 
ty. When cell fractions having the same density were 
studied, their deformability was the same regardless of 
a-globin gene numbers. It was concluded that the beneficial 
effect of a-thalassemia upon the deformability of sickle cells 
was due to fewer dense cells, and that the basic mechanism of 
the effect was related to improved cell hydration and lower 
MCHC. 

The profound effect of MCHC on both the kinetics?" and 
the extent” of intra-erythrocytic polymerization made this 
hypothesis an attractive one. However, the large fluctuations 
in cation and water content characteristic of sickle cells 
provided an element of uncertainty about whether improved 
cell hydration was the basic mechanism by which a-thalasse- 
mia benefited sickle cells. The possibility remained that the 
improved hydration of these cells was secondary to some 
more fundamental property that was the proximate cause of 
the beneficial effect. In this regard, the discovery that 
a-thalassemia protects against the abnormally large cation 
changes (Figure 3)? that eventually lead to severe cellular 
dehydration** was of interest. Taken together with the find- 
ing that sickling-induced membrane stretching is the direct 
cause of cellular potassium loss during deoxygenation,” 
these data suggested that membrane surface-area-to-volume 
relationships may be important. Indeed, preliminary data 
demonstrated that sickle cells from a-thalassemic individuals 
had lower cell volumes and hemoglobin contents and rela- 
tively greater surface areas compared to nonthalassemic 
sickle cells.°"” These features convey to such cells the 
property of increased membrane redundancy, which provides 
a larger reserve of internal volume per given amount of 
polymer. Thus, they are relatively protected against the 
deleterious consequences of membrane stretching during 
deoxygenation. 

In summary, it would appear that the fundamental mecha- 
nism by which a-thalassemia benefits sickle cells is related to 
greater membrane redundancy and the protection it provides 
against sickling-induced membrane stretching, cation loss, 
and cell dehydration. In turn, the lower MCHC of these 
better-hydrated cells retards the polymerization of deoxyhe- 
moglobin S. This construction may also explain the recent 
finding that a-thalassemia does not affect the degree of 
anemia in young children." That is, their persistent splenic 
function may result in conditioning of red cell membranes,” 
thereby depriving children with sickle cell disease and a- 
thalassemia of the beneficial effects of membrane redundan- 
cy. This scenario, however, does not explain the greater 
duration of splenic function” and the prolonged period at 
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Fig 3. Changes in net sodium and potassium content of red 
cells during deoxygenation. Net sodium influx (--Na*) is shown 
above midline and net potassium efflux ( — K*) below. The ordinate 
scale shows net cation changes. (A) Data for cells from four normal 
control subjects without sickle cell anemia. (B) Data for cells from 
seven HbSS subjects having four a-globin genes. (C) Data for cells 
from four HbSS subjects having three a-globin genes. (D) Data for 
cells from two subjects having two a-globin genes. For each group, 
panels representing mean net cation changes and all data points 
are shown. Reprinted with permission.” 


risk for splenic sequestration” reported for children with 
coexistent HbSS and a-thalassemia. These effects which 
antedate the loss of splenic function suggest that there may 
be some beneficial effect of a-thalassemia unrelated to 
membrane redundancy, perhaps a slight primary improve- 
ment in cell hydration. Alternatively, it is conceivable that 
very subtle improvements in sickle cells are sufficient to 
preserve splenic tissue while the greater benefits associated 
with enhanced membrane redundancy are required to affect 
the degree of anemia. 

The ability to subdivide HbSS patients according to 
a-globin genotypes has provided an unprecedented opportu- 
nity to dissect some aspects of the pathophysiology of sickle 
cell disease. The consideration of a-globin gene number is 
necessary for complete understanding of many of the patho- 
physiologic processes. At this time, the important issues 
raised by these analyses are only beginning to be answered. 
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Lymphokine(s) From Isolated T Lymphocyte Subpopulations Support 
Multilineage Hematopoietic Colony and Megakaryocytic Colony Formation 


By L. Kanz, G.W. Lóhr, and A.A. Fauser 


Conditioned medium derived from peripheral mononuclear 
low-density cells stimulated with phytohemagglutinin 
(PHA) supports the growth of noncommitted hemato- 
poietic progenitors from marrow and peripheral blood 
cells. These immature progenitors (CFU-GEMM) can be 
identified in culture as multilineage hematopoietic colonies 
containing erythroblasts, eosinophilic, basophilic and neu- 
trophilic granulocytes, megakaryocytes, macrophages, and 
T and B lymphocytes. In this report, we describe the effect 
of lymphokines released from purified T lymphocyte prepa- 
rations of helper (T;) and suppressor / cytotoxic (T,) pheno- 


UPERNATANTS from an activated mouse inducer T 
cell clone have been identified which stimulate the 
proliferation of murine granulopoietic colonies, and T and B 
lymphocytes as well as mast cells.’ cDNA derived from these 
T cells was shown to encode a hematopoietic growth factor, 
presumed to be interleukin 3, with stimulatory activites for 
noncommitted and committed murine hemopoietic progeni- 
tors.? 

Factors with diverse biological activities are also released 
from phytohemagglutinin (PHA)-stimulated human periph- 
eral mononuclear cells. These factors support human multi- 
lineage colony formation (CFU-GEMM), erythroid burst 
(BFU-E), granulopoietic colony (CFU-C), and megakaryo- 
cytic colony (CFU-M) formation.** Recently, it has been 
demonstrated that a T cell-conditioned medium stimulated 
in the presence of PHA promotes the growth of human 
pluripotent stem cells.’ Because those cultures had not been 
depleted of T cells, colony growth may have been the result of 
a direct interaction of progenitor cells with T cell- 
conditioned medium or the result of the induction of endoge- 
nous colony-stimulating factor(s) by activated T cells 

We studied conditioned media derived from T lymphocyte 
subpopulations that were highly purified with the use of a 
fluorescence-activated cell sorter (FACS); we evaluated the 
capacity of T, and T, cell-conditioned medium (PHA-T,CM 
and PHA-T,CM) to stimulate colony growth of nonadherent 
and T cell depleted human bone marrow cells with particular 
emphasis on its capacity to promote multilineage colony and 
megakaryocytic colony formation. 


MATERIALS AND METHODS 


Bone marrow specimens. Bone marrow samples were obtained 
from volunteers after written informed consent, with the approval of 
the Ethical Review Committee at the University of Freiburg. The 
specimens were obtained from the posterior iliac crest. Peripheral 
blood cells which were used to prepare conditioned media were also 
obtained from healthy volunteers. 

Preparation of leukocyte-conditioned medium (PHA- 
LCM). Mononuclear cells of density <1.077 g/mL were obtained 
by centrifugation in Ficoll-Hypaque (Pharmacia Fine Chemicals, 
Uppsala, Sweden); 1 x 10° cells/mL were incubated with 1% human 
serum afbumin (HSA, Sigma, Munich, FRG) and 1% PHA (Well- 
come HA15, Research Triangle Park, NC) in Iscove's modified 
Dulbecco's medium (IMDM, GIBCO Laboratories, Grand Island, 
NY) at 37 °C in a humidified atmosphere of 5% CO, in air. The 
supernatant was harvested after 4 days of culture 
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type derived from peripheral blood on the growth of 
multilineage hematopoietic colonies and megakaryocytic 
colonies. It was found that PHA-stimulated lymphocytes of 
T, phenotype and, to a lesser extent, of T, phenotype 
elaborate lymphokine(s) that support the growth and 
development of multilineage colonies (CFU-GEMM), granu- 
lopoietic colonies (CFU-C), erythroid bursts (BFU-E) and 
megakaryocytic colonies (CFU-M) by nonadherent and T 
cell-depleted bone marrow cells. 

©1986 by Grune & Stratton, Inc. 


Preparation of PHA-T,CM and PHA-T,CM Mononuclear 
cells (1 x 107) of density <1.077 g/mL from peripheral blood were 
incubated with the monoclonal antibody OKT4 or OKT8 (ORTHO 
Diagnostic Systems, Heidelberg, FRG) for 15 minutes at 4 °C, 
washed with IMDM, and subsequently labeled with FITC-conju- 
gated F(ab’), fragments of goat-anti-mouse IgG (Jackson Immuno 
Research, Hamburg, FRG) for 15 minutes. Control cells were 
labeled with mouse IgG (Coulter Electronics, Krefeld, FRG) and 
the second antibody. For simultaneous isolation of T4 and T; positive 
cells, double labeling with anti-T4-phycoerythrin (Coulter) and 
anti-T,-FITC (Coulter) was performed The cells were adjusted to a 
final concentration of 2 x 10$ cells/mL and analyzed by a FACS IV 
system (Becton Dickinson). OKT4-positive and OKT8-positive cells 
were sorted under sterile conditions at a rate of ~1,000 cells per 
second. The sorted cells were used to prepare conditioned media 
(PHA-T,CM and PHA-T,CM) as described for unfractionated 
celis. 

Culture assay for hematopoietic progenitors. Adherent cells 
were removed from mononuclear bone marrow cells of density 
«1.077 g/mL in Ficoll to minimize endogenous production of 
colony-stimulating activities.” The nonadherent cells were further 
depleted of T lymphocytes by immune panning with an anti- 
E-rosette-receptor antibody.? 

Hematopoietic colonies were grown as previously described.^? In 
brief, 1 x 10° mononuclear cells/mL ın IMDM were immoblized in 
methylcellulose (0.9%) and cultured with fetal calf serum (FCS, 
30%) or human plasma (30%); PHA-LCM or PHA-T,CM, or 
PHA-T,CM or PHA alone, and mercaptoethanol (5 x 1075 mol/L) 
in humidified atmosphere supplemented with 5% CO}. After 4 days 
of incubation, 1 U of erythropoietin (Connaught Step III, Con- 
naught Laboratories, Willowdale, Ontario, Canada) was added to 
the dishes. The colonies were enumerated with an inverted micro- 
scope 12 days after initiation of the cultures. 
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RESULTS 


Effect of conditioned media on the growth of CFU- 
GEMM, CFU-C, and BFU-E. Stimulatory activities for 
multilineage hematopoietic progenitors were prepared either 
from mononuclear peripheral blood cells or highly purified 
lymphocytes of helper (T4) or suppressor/cytotoxic (Ts) 
phenotype. The sorted cells, prior to PHA stimulation, were 
reanalyzed by the flow cytometer to demonstrate a purity of 
>99.5% of T, or T; cells, respectively. After incubation with 
PHA, counterstaining of the cultured T, (T4) cells with 
anti-T,,, anti-B,, anti-MO2, and anti-T, (T,) monoclonal 
antibodies revealed a positive reaction with >99%, <1%, 
<1%, and <1% of the cells, respectively. 

The conditioned media were tested on nonadherent and T 
cell-depleted bone marrow cells. Analysis for residual T cells 
by the peroxidase-antiperoxidase slide technique! or the 
FACS demonstrated <1% of the cells that stained positive 
for Leu 5, Ti T4, or Tg antigen. 

The frequencies of CFU-GEMM with increasing concen- 
trations of PHA-LCM, PHA-T,CM, and PHA-T;CM are 
illustrated in Fig 1. The optimal concentrations for all 
conditioned media were 5% (vol/vol). As shown in Fig 1 and 
outlined in Table 1, the plating efficiency for CFU-GEMM 
was significantly higher with the use of PHA-T,CM (Wil- 
coxon paired-sample test; P < .01) and consistently lower 
with PHA-T,CM than with PHA-LCM. 

Enhanced growth of committed progenitors, ie, BFU-E 
and CFU-C, was observed when T, or T, lymphocyte- 
conditioned medium was added to the cultures (Table 1). 
The plating efficiency for BFU-E and CFU-C again was 
significantly increased with the use of PHA-T,CM as com- 
pared with PHA-LCM (Wilcoxon paired-sample test; P — 
.02 for BFU-E, P « .02 for CFU-C). Leukocyte-conditioned 
medium prepared without the lectin PHA supported BFU-E 
and CFU-C colony formation; however, CFU-GEMM could 
not be observed under these culture conditions. 

The conditioned media used to study colony formation as 
outlined in Fig 1 and Table 1 were prepared from 1 x 10$ 
cells/mL after stimulation by 176 PHA. The PHA dose- 
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Fig 1. Dose-response curves for phytohemagglutinin-stimu- 
lated leukocyte-conditioned medium (PHA-LCM) (—x—), PHA- 
T4CM (—@—) and PHA-T,CM (—O—) on multilineage hematopoietic 
colony formation (CFU-GEMM) in the presence of 30% human 
plasma. Numbers represent the mean of two individual experi- 
ments (duplicate cultures). 
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Table 1. CFU-GEMM, CFU-C, and BFU-E Colonies Cultured 
in the Presence of 30% FCS 





Experiment A B C D E F G H I 
CFU-GEMM/x 10° 














— 0000 0 0 0 O O 
PHA o 0o 0 0 — — — — — 
LCM — ——— 0 0 0 0 0 
PHA-LCM 6 7 99 5 4 5 6 4 
PHA-T,CM 9111211 9 #7 10 10 8 
PHA-T,CM 3 5 3 = — 

CFU-C/x 10* 

D o o— — 0 0 0 0 O 
PHA 4 2 — = 35 
LCM — — — — 80 91 94 123 69 
PHA-LCM 101 71 — — 112 93 80 134 74 
PHA-T,CM 112 88 — — 137 174 114 139 91 
PHA-T,CM 67 50 — — — — — — — 

BFU-E/x 10° 
= 24 21 — — 28 18 34 19 27 
PHA 25 23 — T = = 
LCM — — — — 49 38 64 59 87 
PHA-LCM 58 37 — — 87 49 79 81 124 
PHA-T,CM 77 53 — — 106 91 104 112 149 
PHA-T,CM 3019 — — — — — — — 





CFU-GEMM, multilineage colony; PHA, phytohemagglutin; LCM, leu- 
kocyte-conditioned medium; CFU-C, granuloporetic colony; BFU-E, ery- 
throid burst, FCS, fetal calf serum. 

Conditioned media: 596 vol/vol, PHA 196 vol/vol , dash indicates not 
done, resp. not evaluated. 


response curves and cell dose—response curves are shown in 
Fig 2 and Fig 3. 

No colony formation for CFU-GEMM and CFU-C was 
seen in the absence of conditioned media or when PHA was 
added to the cultures alone. BFU-E colonies were observed in 
the presence of exogenously added erythropoietin without 
conditioned media (Table 1, Figs 2 and 3). 

Effect of conditioned media on CFU-M forma- 
tion. Bone marrow cells obtained from the same donors 
were plated in plasma from healthy volunteers and from a 
patient 21 days after bone marrow transplantation. These 
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Fig 2. Phytohemagglutinin (PHA) dose-response curves for 
stimulation of T, and T, lymphocytes. Bone marrow cells (1 x 
10°/mL) were cultured in the presence of 30% fetal calf serum and 
5% of the conditioned media derived from T, (T4) cells (1 x 
10? / mL) and stimulated with 0.1% to 2.096 PHA (three individual 
experiments). PHA-T,CM: multilineage hematopoietic colonies 
(CFU-GEMM) (--x—); erythroid bursts (BFU-E) (----01----). PHA- 
T,CM: CFU-GEMM (—O—); BFU-E (- ——e- --). 
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Fig 3. Cell dose-response curves for phytohemagglutinin 
(PHA) (196)-stimulated T, (T4) cell-conditioned media. Bone mar- 
row cells (1 x 10°/mL) were cultured in the presence of 30% fetal 
calf serum and 5% of the conditioned media, prepared with 2 x 10° 
to 2 x 10? T, (Ta) cells/mL (three individual experiments). PHA- 
T,CM: multilineage colonies (CFU-GEMM) (--x--); erythroid bursts 
(BFU-E) (----O1----). PHA-T;CM: CFU-GEMM (—O-—); BFU-E 
(---e---). 


plasmas were used to replace FCS because plasma provides 
permissive culture conditions for the growth and differentia- 
tion of human megakaryocytic progenitors and of mega- 
karyocytes within mixed multilineage colonies.9" 

Dose-response curves for the different conditioned media 
on CFU-M formation are illustrated in Fig 4. The optimal 
concentrations for all media were found to be 5% (vol/vol). 

The frequency of CFU-M of seven individual experiments 
is outlined in Table 2. PHA-LCM- and PHA-stimulated 
media from the T, and T; subsets supported CFU-M forma- 
tion. The number of CFU-M colonies was significantly 
increased with T, cell-conditioned medium as compared with 
PHA-LCM (Wilcoxon paired-sample test; P < .02); with 
PHA-T;CM, the plating efficiency for CFU-M was much 
lower. 

A. small number of CFU-M colonies could be observed 
when nonadherent and T cell-depleted marrow cells were 


Number of CFU-M colonies/109cels 






123 5 5 20 ^ 


10 
Concentration of conditioned media 


Fig 4. Dose-response curves for phytohemagglutinin leuco- 
cyte-conditioned medium (PHA-LCM) (—x—), PHA-T,CM (—9—) 
and PHA-T,CM (—O—) on megakaryocytic colony (CFU-M) forma- 
tion in the presence of 30% plasma from a posttransplant patient. 
Numbers represent the mean of two individual experiments (dupli- 
cate cultures). 
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Table 2. CFU-M and CFU-GEMM Colonies Cultured in the 
Presence of 3096 Plasma From a Posttransplant Patient 


Experiment A B C D E F G 
CFU-M/1 x 10° 


PHA jT) mE ee ee ee 
LCM — — 12 10 12 13 14 
PHA-LCM 34 37 34 34 27 34 30 
PHA-T,CM 49 54 47 44 38 39 39 
PHA-T,CM 20. 24 — — — uu 

CFU-GEMM/1 x 10° 
= 0 0 0 o 0 oO o0 
PHA o (E 
LCM emm) ES 0 o 0 oO 0 
PHA-LCM 11 16 5 6 4 6 4 
PHA-T,CM 19 23 7 9 8 11 6 
PHA-T&4CM 3 JD 


Conditioned media: 596 vol/vol; PHA 196 vol/vol. Numbers represent 
the mean of duplicate cultures; (Dash indicates not done) CFU-M, 
megakaryocytic colonies, other abbreviations as in Table 1. 


cultured with posttransplant plasma without the addition of 
conditioned media (Table 2). 

When normal human plasma was used, CFU-M colonies 
in the absence of conditioned media could be observed only 
occasionally; in the presence of 5% PHA-LCM, CFU-M 
colonies ranged between 9 and 22 colonies per 10? bone 
marrow cells (n = 3). As in the experiments using posttrans- 
plant plasma (Table 2), plating efficiency increased with the 
use of PHA-T,CM and was lower in the presence of PHA- 
TCM as compared with PHA-LCM (n = 3; data not 
shown). 

The addition of PHA to the cultures did not augment the 
number of colonies that grew in the absence of conditioned 
media (Table 3). 

Similar results were observed for CFU-GEMM plated 
with 30% plasma; however, CFU-GEMM colonies were not 
seen when bone marrow cells were cultured without condi- 
tioned media or with PHA alone (Table 2). 


DISCUSSION 


Cell culture techniques have been established that allow 
studies of differentiation programs of human CFU-GEMM 
progenitors. These progenitors can be identified by their 
ability to form mixed colonies containing basophilic, eosino- 
philic and neutrophilic granulocytes, erythroblasts, macro- 
phages, megakaryocytes, T cells of different phenotype, and 
probably B cells.!?4 


Table 3. Frequency of CFU-M Cultured Without Conditioned 
Media in the Presence of 30% Plasma 
From a Posttransplant Patient 


CFU-M/1 x 10* PHAO% PHAOO596 PHAO.596 PHA 196 PHA 296 


Exp. 1 8 — 8 9 8 
Exp. 2 10 — 12 11 5 
Exp. 3 6 5 7 — — 


Plates were incubated with varying concentrations of phytohemagglu- 
tinin (experiments represent means of duplicate cultures; dash indicates 
not done) Abbreviations as in Table 1. 
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The formation of such multilineage colonies is dependent 
on the addition of growth-promoting factor(s) provided by a 
medium conditioned by PHA-stimulated peripheral mono- 
nuclear cells (PHA-LCM). Other sources of stimulatory 
activities for human pluripotent progenitors include human 
bladder carcinoma cell lines'*’ and human spleen cells." T 
lymphocytes are an important source of growth-promoting 
activities for human committed granulocytic progenitor cells 
(reviewed in ref. 18), and some T cell lines have recently been 
shown to release multilineage-CSA .9?? 

Our study demonstrates that purified T lymphocyte prep- 
arations from peripheral blood, defined by anti-T, and 
anti- T, monoclonal antibodies, elaborate multiple biological 
activities (that is, multilineage-CSA, burst-promoting activi- 
ty, granulocyte-macrophage-CSA, and megakaryocyte- 
CSA), supporting the growth of noncommitted progenitors 
(CFU-GEMM) and committed precursors (BFU-E, CFU- 
C, and CFU-M). Whether the different biological activities 
provided by the lectin-stimulated T cells are due to a single 
molecular species such as interleukin-3?”' or due to multi- 
ple colony-stimulating factors is unknown at present. 

Our results are in agreement with the published work 
regarding committed human granulocytic and erythroid 
progenitors.” We demonstrated that lymphokines from 
peripheral T, cells consistently increased the plating efficien- 
cies for all progenitors above that seen with supernatants of 
unseparated mononuclear cells or T cells. This may be 
related either to an approximate two-fold increase in the 
number of T, positive cells in the preparation for PHA- 
T,CM as compared with PHA-LCM or may be explained by 
the presence of varying levels of inhibitors, such as interfer- 
ons, in the different conditioned media. 

The elaboration of growth-promoting activities for CFU- 
GEMM is critically dependent on the activation of T cell 
subsets by PHA. Conditioned media prepared without 
mitogen supported BFU-E, CFU-C, and CFU-M colony 
formation; however, the number of colonies were signifi- 
cantly lower than with supernatants derived from PHA- 
activated cells. 


ELABORATION OF MULTI-CSA AND MEG-CSA 


The sorting of T lymphocyte subsets by FACS and subse- 
quent incubation of these cells with PHA revealed cells with 
a purity of >99%. Several studies suggest that monocytes 
and T cells can collaborate to stimulate the growth of CFU-C 
and BFU-E.***? Our studies cannot rule out this possibility, 
but with a number of nonlymphocytic cells of <1% in the 
final cell suspension used to prepare the conditioned media, 
the presence of autologous monocytes does not seem to be 
required for the in vitro production of lymphokines 

Our data show that nonadherent and T cell-depleted bone 
marrow cells are unable to support colony growth alone, 
since CFU-GEMM and CFU-C were not observed when the 
target cells were cultured without conditioned media or with 
PHA alone. BFU-E and CFU-M colony formation in the 
absence of (PHA-)LCM can be attributed to burst-promot- 
ing activity present in serum? or in the unpurified erythro- 
poietin preparation used? and to megakaryocyte-CSA in 
human plasma prepared from posttransplant patients. Fur- 
ther evidence that PHA-LCM contains factor(s) that 
directly stimulate progenitor cell growth and differentiation 
has been provided by a single-cell culture system that 
excluded cell-cell interactions and eliminated the endoge- 
nous production of factors by contaminating macrophages 
and lymphocytes.” It cannot be excluded, however, that the 
conditioned media may stimulate accessory cells other than 
adherent cells or T lymphocytes to induce secondary fac- 
tor(s) important in stimulating colony formation. 

In summary, our data provide evidence that human T 
lymphocyte subpopulations elaborate lymphokine(s) for the 
growth and differentiation of noncommitted and committed 
hematopoietic progenitors. The availability of conditioned 
media from highly purified cell populations may facilitate 
studies of events in early hematopoiesis, and these cells may 
be useful in the molecular cloning of human multi-CSF. 
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A Prospective Study of The Value of Bone Marrow Erythroid 
Progenitor Cultures in Polycythemia 


By Francois Lemoine, Albert Najman, Claude Baillou, Jerzy Stachowiak, Georges Boffa, Philippe Aegerter, Luc Douay, 
Jean Philippe Laporte, Norbert Claude Gorin, and Gérard Duhamel 


The diagnostic value in polycythemia of the presence of 
endogenous erythroid colonies derived from bone marrow 
cells (EECs) was assessed in a prospective study on 108 
patients referred for polycythemia (Hb - 18 g/dL in 
men, > 16 g/dL in women) with normal plasma volume by 
comparison with the standard criteria, the bone marrow 
grade, and the serum erythropoietin (Epo) level. Total red 
cell volume (TRCV) was high (>36 mL/kg in men, 32 mL/kg 
in women) in 87 cases (group A) and slightly increased in 21 
cases (group B). Standard criteria were applicable in 63 of 
108 cases (5796); 46 were PV and 17 were secondary 
polycythemia (SP). Standard criteria were nonapplicable in 
45 cases. EECs were present in 65 cases (6096) with a ratio 
of EEC/Epo-stimulated colonies of 39.5% + 18% (extremes 
1096 to 8096). EECs were noted in 43 of 46 polycythemia 
vera (PV) and O of 17 SP. Among the 45 unclassified cases, 
EECs were noted in 22: 18 of 29 cases from group A (10 
with 2 major and 1 minor criteria; 8 with 2 major criteria) 
and 4 of 16 cases from group B (with variable standard 
criteria, 2 belonging to a PV family). In group A, there was a 
positive significant correlation between EECs and the pres- 


OLYCYTHEMIA is a descriptive term that simply 
denotes an elevated hemoglobin and hematocrit. As 
previously described,! polycythemia could be classified into 
three groups: polycythemia vera (PV) and secondary polycy- 
themia (SP) from increased production of erythropoietin 
(Epo); if the underlying cause of this abnormal production is 
eliminated, the excess RBCs disappear. These first two 
groups represent an absolute polycythemia, ie, an abnormal 
increase in the total volume of circulating RBCs (TRCV). 
The third group, relative or spurious polycythemia, is charac- 
terized by an elevated hematocrit but has only a normal or 
slightly increased TRCV. 

PV is a chronic myeloproliferative disorder characterized 
by an elevated TRCV and usually leucocytosis, thrombocy- 
tosis, and splenomegaly. The Polycythemia Vera Study 
Group (PVSG) has developed a useful set of clinical criteria? 
for the diagnosis and the treatment of PV. The classification 
of polycythemia and the set of criteria of PVSG have two 
disadvantages, however. First, the classification into three 
groups excludes many who have only a true increase of 
TRCV and absence of an underlying cause, pure erythrocy- 
tosis (PE), or so-called idiopathic erythrocytosis.* Second, 
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ence of two major and 1 minor criteria (P < .0001). In 
group B, there was a positive significant correlation 
between EECs and the presence of at least 1 major 
criterion and 2 minor criteria or a family background 
(P < .0001). The unclassified polycythemias with EECs in 
the bone marrow are characterized by a bone marrow 
grade and a mean serum Epo level not different from that 
of patients with PV and an active course of the disease. 
The unclassified polycythemias without EECs in the bone 
marrow are a heterogenous group corresponding in some 
cases to SPs of unknown origin (slightly increased bone 
marrow grade and/or high serum Epo level), and in others 
cases to spurious polycythemias (normal bone marrow 
grade and/or normal Epo level). In conclusion, EECs were 
of great value in differentiating PV from SP (P < .001), and 
in allowing the diagnosis of PV in the absence of all the 
standard criteria even when TRCV was slightly increased. 
In our study, EEC improved the classification of polycy- 
themia by 22%. The recommended diagnostic steps for the 
evaluation of polycythemia must be reconsidered. 

e 1986 by Grune & Stratton, Inc. 


some individuals who do have PV will be excluded by these 
criteria, mainly at an early stage. 

The demonstration in 1974 by Prchal and Axelrad? that 
erythroid colonies derived from bone marrow cells of PV can 
develop in a semisolid culture medium without the addition 
of Epo (EECs) marked an important turning point. Although 
EECs have been observed in other diseases as well, including 
erythroleukemias,®” some cases of sickle cell anemia,’ and 
myeloproliferative diseases other than PV,*’"' their presence 
in polycythemia could, for the first time, constitute a charac- 
teristic sign for the diagnosis of PV. EECs were always 
reported in PV and never in SP.*'?"4 

To determine the diagnostic value of the presence or 
absence of EECs in polycythemias, we made a prospective 
study on 108 patients with suspected polycythemia, compar- 
ing the standard criteria with the results of bone marrow 
cultures, with or without Epo. Our aim was to distinguish PV 
from SP and to recognize PV in the possible absence of all the 
standard criteria, hoping to simplify and improve the diag- 
nosis of PV. 


MATERIALS AND METHODS 


Patients. This study was made of 108 patients (69 men, 39 
women) with a mean age of 59.4 = 17 years (19 to 91 years) referred 
for suspected polycythemia to the department of hematology of the 
Saint Antoine Hospital between 1979 and 1985. The question of 
polycythemia was raised when the hemoglobin exceeded 18 g/dL in 
men and 16 g/dL in women All patients with relative polycythemia 
from reduced plasma volume were excluded. None had received 
treatment before the study. Although familial polycythemia vera 1s 
rare,'>6 5 patients belonged to 3 families in which 1 parent and 1 
child have this disease. 

Criteria. The criteria established by the PVSG were used in all 
the cases except for LAP scoring and serum Bj, estimations, which 
were made only when the other criteria were absent; bone marrow 
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ERYTHROID PROGENITOR CULTURES IN POLYCYTHEMIA 


cultures were made prior to treatment. Bone marrow biopsy was 
performed in 56 patients. Epo level 1n serum was measured in 54 
cases. When necessary, special studies were done to find the cause of 
polycythemia: blood oxygen affinity; hemoglobin electrophoresis; 
carboxy-hemoglobin evaluation; kidney echographic examination; 
and cerebral, abdominal, and thoracic computerized tomographic 
scans. All patients were advised of procedures and attendant risks in 
accordance with institutional guidelines and gave informed consent. 

The TRCV was measured by the ?'CR-labeled RBC dilution 
method." TRCV was considered abnormally elevated when it was 
>32 mL/kg in women (normal 25 mL/kg) and 36 mL/kg in men 
(normal 30 mL/kg). 

WBC counts, platelet counts, and arterial oxygen saturation were 
determined by standard techniques. LAP scoring was based on the 
Rutenberg method. Serum B12 estimations were performed by 
radiorsotope dilution." Spleen volume was determined by physical 
and echographic examination. Percutaneous trephine biopsies were 
taken from the anterior iliac crest with Tanzer or Jamshidi needles. 
Sections of marrow were prepared and stained by routine techniques 
described elsewhere.? Each histological section was examined inde- 
pendently by two histopathologists Examination was done under a 
total magnification of 400x using a Zeiss microscope. An area of 16 
to 90 cross-sections was measured (mean 31). The cellularity was 
subjectively evaluated in the same microscopic fields as those in 
which the number of megakaryocytes was counted Cellularity was 
graded as described elsewhere”: normal, 40% to 49%; slight 
increase, 50% to 59%; moderate increase, 60% to 89%; marked 
increase, 90% to 100%. Megakaryocyte concentration was evaluated 
by the mean of the number of megakaryocytes counted in all the 
cross-sections for each patient. A normal concentration generally 
ranged from one to two megakaryocytes per field at that magnifica- 
tion (400x). The grade of megakaryocytes was: normal, 1 to 2; slight 
increase, 2 to 3; moderate increase, 3 to 6; marked increase, 6 to 12. 
The final grading was established by comparing the results of 
cellularity grade and megakaryocyte concentration 

Epo assay Epo activity was determined in vitro by incorpora- 
tion of radioactive iron into cultured fetal mouse liver cells ” 
Embryos were harvested from 13-day-pregnant Balb/c mice 
(Charles River, France). The mechanically dissociated liver cells 
were suspended in RPMI 1640 medium at 1.6 x 10° cells/mL 
containing 7% fetal calf serum (FCS), 85 umol/L of bovine serum 
albumin, and 0 4 umol/L of human transferrin. Cell suspension was 
distributed in a small volume (200 uL)? into the wells of Nunclan 
culture plates. After incubation for 21 hours, human *Fe-transferrin 
was added, followed by 5 hours of additional incubation. Epo 
fraction prepared from whole patient serum? was used in the assay 
and calibrated against a standard of pig serum Epo (Centre National 
de Transfusion Sanguine, Paris) referred to as the second interna- 
tional reference preparation (courtesy of the WHO laboratory for 
biological standards, Mill Hill, London) and NIH standard (specific 
activity: 1,546 UI/A 280) generously donated by E. Goldwasser. 
Each sample was cultured at three or four protein concentrations 
and in four replicate assays, and results were expressed in milliunits 
per milliliter: mean + SEM: 14 + 4 for normal human serum. 

Bone marrow culture. Bone marrow aspirate (1.2 mL) was 
collected in 200 U of sterile preservative-free heparin. Mononuclear 
cells, isolated by using Hypaque-Ficoll (density 1.077) were washed 
three times with Iscove-modified Dulbecco's medium (IMDM, 
GIBCO, Grand Island, NY). The nucleated cells collected were 
plated at a final concentration of 2.5 x 10°/mL by the plasma clot 
method described by MacLeod^ in 30 x 10-mm Petri dishes 
containing 20% heat-inactivated FCS, 1% deionized bovine serum 
albumin (BSA, Sigma, St Louis) prepared according to the method 
of Worton and colleagues," CaCl 34 mL, thrombin 1 U/mL, 
citrated beef plasma (GIBCO) 10%, with or without 1 U/mL Epo 
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(step III, Connaught, Toronto). All tests were done at least twice. 
Clots were incubated at 37 °C in 5% CO,. After 7 days of incuba- 
tion, the clots were stained with benzidine and hematoxylin to 
determine the number of colonies with hemoglobin that had formed. 
Each clot was examined under 100x magnification, and only colonies 
consisting of eight or more benzidine-positive cells were counted. 
These colonies were derived from CFU-E that normally proltferate 
and differentiate into proerythroblasts in response to Epo. The 
presence of erythroid colonies that grew without the addition of 
exogenous Epo was defined as a positive culture; the occurrence of 
erythroid colonies only in the presence of exogenous Epo was defined 
as a negative culture. 

Statistical methods. All results are given as means + SE. The 
Wilcoxon Mann-Whitney rank-sum test was used to compare ery- 
thropoietin levels from patients with or without endogenous ery- 
throid colonies. The analysis of variance (ANOVA) test was used to 
compare the means of the level of erythropoietin among patients 
with PV, with SP, with UP and EECs, and with UP without EECs 
The Chi-square test was used to analyze contingency tables of 
patients with and without EEC obtained by several cut-offs: pres- 
ence or not of standard criteria, and grade of the bone marrow. 


RESULTS 


Standard criteria. The main clinical and laboratory 
data from the 108 patients are summarized in Table 1. The 
TRCV delineated two groups: group A, consisting of 87 
patients (50 men, 37 women) in which it was >36 mL/kg 
(49 + 12.5 mL/kg) in men and >32 mL/kg (42+95 
mL/kg) in women; and group B, consisting of 21 patients (19 
men, 2 women) with a TRCV between 30 and 36 mL/kg 
(32.8 + 2.1 mL/kg) in men, and 27.8 and 28.6 mL/kg for 
the two women, respectively. None of these 21 group B 
patients had a reduction of plasma volume; therefore, there 
was no hemoconcentration. None was obese or had phlebo- 
tomies prior to diagnosis. The mean corpuscular volume of 
the RBCs was normal in each case of this group. 

According to the criteria of the PVSG, 46 of the 87 
patients of group A had PV (mean TRCV: 49 + 11.5 mL/ 
kg). Twelve patients from group A and 5 of group B had SP: 


Table 1. Clinical and Biological Data of Patients 
With Suspected Polycythemia 





Data Group A Group B 
No. of patients 87 21 

Total (96) 100 100 
Sex 

M 58 90 

F 42 10 
Sex ratio 141/1 NS 

(M vF) 
Arterial oxygen 

saturation 9296 93 100 
Splenomegaly 33 15 
Leucocytosis 

z12 x 10°/L 39 20 
Thrombocytosis 

2400 x 10°/L 44 15 


Group A is defined by a total volume of circulating RBCs (TRCV) 7 36 
mL/kg in males and TRCV = 32 mL/kg in females Group B is defined by 
a TRCV between 30 and 36 mL/kg in males and between 25 and 32 
mL/kg in females. 
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7 from chronic respiratory insufficiency, 3 from smoking 
excess, 4 from hepatomas, 1 from adrenal cancer, 1 from 
renal cancer, and 1 from essential thrombocythemia. Forty- 
five patients (29 of group A and 16 of group B) lacked the 
criteria for PV or SP and were considered to have unclassi- 
fied polycythemia (UP). 

Culture of bone marrow erythroid progenitors. 1n 65 of 
108 cases (60%), colonies derived from CFU-E were 
observed without addition of Epo (EECs): 61 of 87 cases 
(70%) of group A and 4 of 21 cases (20%) of group B. In the 
remaining 43 cases, no growth occurred in the absence of 
Epo. The mean of EECs was 213 + 334 colonies for 2.5 x 10° 
cells plated with a range from 12 to 1,455 colonies. In 34 
cases, the number of colonies was also counted at the optimal 
concentration of 1 U/mL Epo: the mean was 439 « 621 
colonies for 2.5 x 10? cells plated with a range from 69 to 
2,255 colonies. To appreciate the importance of the abnor- 
mal clonal population in relation to total erythroid progeni- 
tors, in these 34 cases we counted and compared the number 
of EECs with the number of colonies stimulated by Epo in 
the concentration of 1 U/mL. The ratio of EECs to Epo- 
stimulated colonies was 39.5% + 18% (range 10% to 80%). 

Comparative study of standard criteria and presence or 
absence of EECs. In group A (Table 2), 43 of 46 patients 
(93%) with PV had positive cultures. Three, in spite of fitting 
the standard criteria, had negative cultures. The first two 
were technical failures. In all three cases, the cultures could 
not be repeated. Two of these patients have died, one from 
blastic transformation of PV, the second from an astrocyto- 
ma. None of the 12 patients with SP had a positive culture. 
For diagnosis of PV, there was an excellent statistical 
correlation (P « .0001) in this group of 46 PV and 12 SPs 
between the standard criteria and positive cultures. The 
study of the 29 patients with unclassified polycythemia 
showed positive cultures in 18 cases (62%): 11 of 12 patients 
(6 men, 5 women) with 2 major and 1 minor criterion, 7 of 17 
patients (4 men, 3 women) with 2 major and no minor 
criteria, and one of whom belonged to a PV family. In all 
group A, the presence of at least of 2 major criteria and 1 


Table 2. Comparative Study of Standard Criteria of Polycythemia 
and Results of Bone Marrow Erythroid Progenitor Cultures 


Group Standard Criteria EECs4- 

A 

Polycythemia vera 46 43 (93%) 

Secondary polycythemia 12 o 

Unclassified polycythemia 29 18 (62%) 
Total 87 61 (7096) 
B 

Secondary polycythemia 5 0 

Unclassrfied polycythemia 16 4 (25%) 
Total 21 4 (20%) 


EECs, endogenous erythroid colonies derived from bone marrow cells 
developing without exogenous erythropoietin. 

Standard criteria, criteria proposed by the Polycythemia Vera Study 
Group and criteria of secondary polycythemia Group A is defined by a 
TRCV of = 36 mL/kg in males and TRCV > 32 mL/kg in females; group B 
is defined by a TRCV between 30 and 36 mL/kg in males and between 
25 and 32 mL/kg in females. 
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minor criterion makes the probability of the culture being 
positive statistically significant (P < .0001). 

In group B, 4 patients (3 men, 1 woman) (20%) had 
positive cultures: one with 2 major and 2 minor criteria who 
belonged to a PV family, one with 2 major criteria, one with 1 
major criterion and 2 minor criteria, and the last one with 
only 1 major criterion but with a positive family history. The 
5 patients with a disposition toward polycythemia had nega- 
tive cultures. The remaining 12 had negative cultures. 

In group B, the presence of at least 1 major criterion and 2 
minor criteria or a family background makes the probability 
of the culture being positive statistically significant 
(P < 0.0001), in spite of the small size of the series 
(n = 21). 

Thus, the culture of bone marrow erythroid progenitors 
has allowed differentiation among the 45 unclassified poly- 
cythemias (UP), 22 cases with EECs (18 cases from group A 
and 4 from group B), and 23 cases without EECs (11 from 
group A and 12 from group B). 

To evaluate the significance of the presence of EECs in the 
absence of criteria for PV, we studied other laboratory tests 
that can help in the diagnosis of PV and the prognosis of the 
disease of these patients. 

Unclassified polycythemias with EECs in the bone mar- 
row. The 22 patients were 13 men and 9 women with a 
mean age of 56.3 + 15.6 years (range 19 to 81 years); 18 of 
22 have had in common a high TRCV (mean 48 + 13 
mL/kg), a normal arterial oxygen saturation, and the 
absence of splenomegaly. The WBCs count was >12 x 
10°/L in three cases, and the platelet count was >400 x 
10°/L in eight cases. The LAP score was elevated in one case, 
but became high in two other cases during progression of the 
disease. Four of 22 have had a slightly increased TRCV 
(mean 32.6 + 2.6 mL/kg) with a normal arterial oxygen 
saturation. Splenomegaly was present in two cases. WBCs 
and platelets were elevated in two cases. 

Bone marrow biopsies were done in 15 of 22 patients. The 
results are shown in Table 3. The grade of the bone marrow 
was normal in 3 cases, slightly increased in 1 case, and 


Table 3. Grade of Bone Marrow in Patients With Polycythemia 
Vera and With Unclassified Polycythemias With or Without 
Endogenous Erythroid Colonies 


EECs4- EECs— 
Bone Marrow =e 

(Grade) PV UP (A + B) UP (A) UP (B) 
N o 3 3 5 

+ 1 T* 31 1 
++ 7 6 1 = 
+++ 14 5 — = 
Total 22 15 7 6 


UP, unclassified polycythemias. 

Grade of bone marrow cellularity N, normal, +, slight increase; + +, 
moderate increase; + ++, marked increase. A, patients with a total 
volume of circulating RBCs (TRCV) >36 mL/kg in males and >32 mL/kg 
in females; B, patients with a TRCV between 30 and 36 mL/kg in males 
and between 25 and 32 mL/kg in females. All numbers indicate number 
of cases. 

*Patient had a normal number of megakaryocytes. 

One-third had a normal number of megakaryocytes. 
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increased in 11 cases. There was no difference between the 
patients who lacked one or more standard criteria. In the 
meantime, 22 bone marrow biopsies were done among the 46 
patients with PV: the grade of the bone marrow was normal 
in one case and increased in 21 cases. When a cut-off point 
between normal and slightly increased cellularity on one 
hand and moderate or marked cellularity on the other hand 
was chosen, there was no difference between the two groups 
(NS). 

Epo level in the serum was measured in 12 of 22 patients: 
the results are presented in Fig 1. The Epo level was low in 5 
cases, normal in 6 cases, and high in only 1 case. The mean 
level was 11.75 x 6.78 mU/mL of serum, ranging from 4 to 
30 mU/mL. There was no difference between the patients 
who lacked one or more standard criteria. Meanwhile, Epo 
levels were measured also in 16 patients with PV: they were 
low in 5 cases, normal in 9 cases, and high in 2 cases. The 
mean level in this group was 13.5 + 10.5 mU/mL of serum, 
ranging from 4 to 42 mU/mL. The comparison between the 
two groups has not shown any statistically significant differ- 
ence (NS). 

The course of the disease could be followed in 21 of 22 
cases with a mean follow-up of 4.25 + 2 years (extremes: 1.5 
to 7 years). 

Sixteen of 18 patients of group A were treated. In 15 cases, 
the disease was continuously active with relapses under 
treatment. In three of these cases, PV became evident on the 
standard criteria during follow-up. Thrombophlebitis 
occurred in five cases. Five patients died: one from agnogenic 
metaplasia after a course of 4 years, and four from vascular 


Erythropoietin (mU/ml) 





SP 


UP UP 
(EEC*) (EEC-) 


Fig1. Erythropoietin (Epo) levels in the serum of patients with 
polycythemia. PV, polycythemia vera (mean = 13.5 + 10.5 mU/ 
mL); n = 16. UP (EECs +), unclassified polycythemia with EECs, 
endogenous erythroid colonies derived from bone marrow cells 
developing without exogenous erythropoietin, in the bone marrow 
(mean = 11.75 + 6.78 mU/mL); n = 12. UP (EECs —), unclassified 
polycythemias without EECs in the bone marrow (mean — 17.16 + 
9.25 mU/mL); r = 15 and SP, secondary polycythemias 
(mean = 61 + 6.8 mU/mL), n = 11. The level of Epo in the serum 
of normal controls was 14 + 4 mU/mL (between dotted lines). The 
analysis of variance between the four groups of patients showed a 
statistically significant difference (P < .05). Solid bars represent 
the mean of Epo concentrations in each group. 


999 


thrombosis. One patient had a stable disease under treatment 
for 4 years, and the patient who was not treated but followed 
had a permanent and nonevolving polycythemia. 

The four patients with a slightly increased TRCV received 
treatment and achieved complete remission. Two patients 
have had an active disease with an increasing TRCV, and 
one died from agnogenic metaplasia after a course of 6 years. 
The two other patients are always in complete remission, 
under treatment. 

Unclassified polycythemias without EECs in the bone 
marrow. All but one of the 23 patients were men, with a 
mean age of 49 + 15.5 years (range 22 to 76 years). They 
have had in common an absence of splenomegaly, normal 
arterial oxygen saturation, normal WBC and platelet counts; 
the LAP scores and the B-12 serum levels were also normal. 
Eleven patients have had a clearly increased TRCV (mean 
40 + 3.4 mL/kg) whereas the 12 others have had a slightly 
increased TRCV (mean 32.8 + 2.1 mL/kg). 

Bone marrow biopsy was done in 13 of 23 cases. The 
results are shown in Table 3. The grade of the bone marrow 
was normal in 8 cases, slightly increased in 4 cases, and 
increased in 1 case. There was a striking difference between 
the bone marrow in these patients and the patients with PV 
(P « .01) as well as the patients with unclassified polycy- 
themias with EECs (P « .01). 

Epo level was measured in 15 of 23 cases (Fig 1). It was 
low in two cases, normal in eight cases, and high in five cases, 
with a mean of 17.16 « 9.25 mU/mL and a range of values 
from 4 to 31 mU/mL. Among the patients with high levels, 
three had increased TRCV (group A) and two had a slightly 
increased TRCV (group B). None of these patients had 
tumors; blood oxygen affinity was studied in three cases and 
was normal. In two cases, excessive smoking was suspected 
but the level of carboxyhemoglobin was not evaluated. In all 
five patients, the significance of the high level of erythropoie- 
tin remains to be found. There is no significant difference 
between this group and patients with PV or with UP and 
EEC (NS). There is a statistically significant difference, 
however, between this group and a group of 11 SPs studied in 
the meantime (P < .001). 

All these patients but one were followed in absence of 
treatment with a mean follow-up of 3.25 + 1.5 years (range 
1.5 to 7 years). There were no significant changes in the 
blood counts, and no complications occurred. 


DISCUSSION 


Two observations stand out in this study of an unselected 
series of patients with different forms of polycythemia. First, 
the standard criteria for the etiologic diagnosis were applica- 
ble in only 63 of 108 (57%) of the cases: 46 PV and 17 
secondary type. If one considers the group with definitely 
abnormal TRCV, the etiologic diagnosis was possible in 57 of 
87 (66%) of the cases. 

Second, the presence of an abnormal population of ery- 
throid progenitors was observed not only when all the stan- 
dard criteria of PV were present, but also (in many cases) 
when they were lacking. In group A, the culture was positive 
in 93% of patients having all the criteria of PV and in 63% in 
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whom some of these criteria were missing. In group B, the 
culture was also positive in 20%. 

The criteria proposed by the PVSG in 1965 have had the 
merit of distinguishing a homogenous group of patients with 
PV but lead to the exclusion of atypical and early forms.” 
Therefore, an important number of polycythemias could not 
be classified as PV even though the TRCVs were very 
elevated: 29 of 87 cases in our series. Moreover, the definition 
of PV as a value of TRCV >2 SD (4-2 SD) of the average 
value likewise contributed to the exclusion of definite cases 
with abnormally high blood counts, a moderate elevation of 
TRCV, and no reduction of total plasma volume. These 
cases, classified by some as spurious polycythemias,! may 
equally well be forms of PV at a stage just starting or 
smoldering cases of PV. The long absence of a specific 
measurable criterion for a primary disorder involving the 
production of the erythroblastic line explains these difficul- 
ties. 

Although the initial cause of PV remains unknown, abnor- 
mality of the erythroblastic line is now well established 
through recent findings. PV can be considered the result of 
an abnormality of a clone from myeloid stem cells? from 
which a population of erythroid progenitors recognized by its 
behavior in in vitro semisolid medium derives." 

The diagnostic value of the presence of this population 
during the course of polycythemia has not been the object of 
important prospective studies, as far as we know. The 
absence of spontaneous erythroid colonies in SP has been 
reported by many authors. Clement and colleagues? 
reported finding spontaneous colonies in 8 of 18 patients with 
pure erythrocytosis, a debatable term used for cases charac- 
terized by an important and isolated increase in TRCV. 
Analysis of our results indicates that the finding of sponta- 
neous colonies is of great value in differentiating PV from 
secondary forms (P < .001); in PV, the cultures were positive 
in all but three cases, whereas they were negative in all the 
secondary types. In the three negative cultures seen in our 
series of PV, two were due to technical failure. The third 
case, that of a 17-year-old male who died after a 2-year 
course of a cerebral astrocytoma, without a repeat bone 
marrow culture, was more problematic. The presence of 
EECs in patients with polycythemia in the absence of all the 
standard criteria for PV raises the question of their use as a 
diagnostic tool for the classification of polycythemias. One 
may assume that finding an abnormal population of EECs in 
the course of a polycythemia justifies the diagnosis of PV. 

We believe that data in our study may ascertain this 
hypothesis. First, there is a strong positive correlation 
between the presence of EECs and the grade of the bone 
marrow. Bone marrow biopsy is an important diagnostic test 
(31-33) to recognize PV and distinguish it from SP or 
spurious polycythemias. 

Hypercellularity and an increase in the number of mega- 
karyocytes are the two main features in PV.”'? In our study, 
a striking difference is noted between unclassified polycy- 
themias with or without EECs. When EECs are present, the 
bone marrow has the same appearance as in PV in 11 of 15 
patients. Because normal or slightly increased bone marrow 
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cellularity was also described in PV?! one cannot exlude the 
four other patients. One of them has had a very active 
disease. Two were treated and until now have had a quiet 
course. Only one was not treated and has had a stable 
polycythemia. Conversely, when EECs were not present, 12 
of 13 cases had a normal or slight hypercellular bone 
marrow, as in SP or spurious polycythemias.? 

Second, there is no difference between the level of erythro- 
poietin in the serum of patients with PV and unclassified 
polycythemias with EECs. The means of the two groups are 
in the normal range. In PV, Epo level in the serum is 
generally low” or in the normal range,” whereas it is high in 
SPs.3**6 Discrepancies can be noted, however, despite the 
method of dosage used, which reduces the diagnostic 1mpor- 
tance of this test for individuals. In one patient with UP and 
EECS, the level was as high as it was in two patients with PV. 
High levels of Epo were also observed in PV by Koeffler and 
Goldwasser” with a radioimmunological method. Converse- 
ly, there was a greater proportion of patients (5 of 15) with 
high Epo levels in the group with unclassified polycythemias 
without EECs. 

The cause of the increase that produced a true polycy- 
themia in three patients and a slight increase of TRCV in the 
two others was not found until now. The higher mean of Epo 
in this group, although not significantly different from the 
mean of Epo in PV or in patients with EECs, leads to the 
consideration of these patients as a heterogenous population. 
Some of them may have SPs, some real unclassified polycy- 
themias, and some may have spurious polycythemias. 

Finally, the course of the disease in the patients with 
unclassified polycythemias with EECs was very similar to 
that of the patients with PV. Fifteen of 21 patients who could 
be followed have had an active disease which has required 
treatment. Several cases of thrombophlebitis were noted. Six 
patients died from vascular complications and from myelofi- 
brosis, as happens in PV. Conversely, the patients with 
unclassified polycythemias without EEC have had a quiet 
course, without treatment. 

We believe that the varying combinations of the hemato- 
logical data in the patients with polycythemia and EECs are 
related to the diversity of lineage involvement in the chronic 
myeloproliferative syndromes, the reasons for which have 
been unclear??? These varied manifestations may be depen- 
dent on the predominant impaired stem cell and its prolifera- 
tive strength. Thus, the 18 of 29 cases of unclassified 
polycythemias of group A were PV with variable hemato- 
logic findings. Of the four patients of group B with positive 
cultures, three had all the standard criteria of PV except for 
a sufficiently high TRCV. The absence of this first criterion 
is easily explained if it concerns a beginning case or one that 
has hardly evolved. The fourth patient had only one major 
criterion but had a parent with PV. The rarity of familial 
forms of PV, which represent only 0.8% of all PV cases, is an 
important argument in linking this case to a beginning stage 
of PV, all the more so because the hemoglobin and hemato- 
crit were elevated and the TRCV slightly increased without 
any decrease in plasma volume. 

The unclassified polycythemias without EECs were a 
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heterogenous group. The cause of the polycythemias in the 
patients with a high TRCV (group A) remains to be found, 
especially for the patients with a normal Epo level. 

The 12 cases of group B cannot be better defined for the 
moment. The patients with normal bone marrow biopsies and 
normal Epo levels were perhaps normal subjects correspond- 
ing to group A of Weinreb and Shin in framework of spurious 
polycythemia.” The two patients with increased Epo levels 
were perhaps cases in a very early stage. 

The better evaluation of PV by the bone marrow erythroid 
progenitor cultures in polycythemias in the study we report 
(+22%) leads us to reconsider the recommended diagnostic 
steps to follow in a suspected case of polycythemia. That 
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investigation must occur at an earlier diagnostic step, at the 
same time that the TRCV and the arterial oxygen saturation 
are measured. Likewise, one must now consider the possibil- 
ity of diagnosing PV at an early stage when the TRCV 
increase is still minimal. As early treatment and control 
improve the survival median of PV,*! one may expect that 
early diagnosis will improve the outlook. 
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Enhanced Recovery of Gut-Associated Lymphoid Tissue by Infusion 
of Buffy Coat Cells and Gut Leukocytes in the Murine Syngeneic 
Bone Marrow Transplantation Model 


By George S. Leventon, Sulabha S. Kulkarni, Robert A. White, and Axel R. Zander 


Ways of accelerating recovery of the mucous membrane 
immune system in lethally irradiated mice following syn- 
geneic bone marrow transplantation were studied over a 
35-day period by quantification of jejunal intraepithelial 
lymphocytes (IELs) and lamina propria plasma cells. Recov- 
ery after a low bone marrow dose allowing 100% animal 
survival (LBM) was compared with a high (five times 
minimal) dose (HBM), or a minimal dose augmented with 
equal numbers of buffy coat cells (LBM + BC) or small gut 
mucosal lymphocytes (LBM + GL). The maximal decline 
and subsequent peak repopulation of IELs were: LBM, days 
7 through 14, peaking suboptimally by day 28; HBM, day 14, 


EPSIS, a major risk of bone marrow transplantation, is 
caused by pathological organisms that often enter the 
blood stream through mucosal portals.'? These sites are 
protected by the “local” or mucosal immune system, which is 
distinguished from the systemic 1mmune system by a number 
of characteristics. These differences include the optimal 
route of antigen presentation," the preferential homing of 
mucosal lymphoid cells back to mucosal sites, and 
secretory IgA (S-IgA) as the major immunoglobulin prod- 
uct. 576 Gut-associated lymphoid tissue (GALT) consists of 
Peyer's patches and mesenteric lymph nodes, lamina propria 
lymphocytes and plasma cells, and intraepithelial lympho- 
cytes (IELs). A migration pattern of lymphoid cells occurs 
between these tissues, with cells going from the Peyer's 
patches to mesenteric lymph nodes and then to the thoracic 
duct lymph and the general circulatory system, with subse- 
quent seeding into the lamina propria and mucosal epithe- 
lium? 

Zander and colleagues! examined syngeneic bone marrow 
engraftment in the mouse (BDF 1) model, demonstrating 
more rapid engraftment when the quantity of the marrow 
was increased fivefold over the 100% minimum survival bone 
marrow dose, or when buffy coat cells were included in equal 
numbers to the minimal 10096 survival marrow innocula. The 
purpose of this study was to determine in the same model if 
engraftment of the mucosal membrane immune system could 
similarly be potentiated by increasing the bone marrow dose 
or by the addition of buffy coat cells or gut-associated 
lymphoid cells to the minimal 100% survival allowing bone 
marrow innocula. This was assessed by quantifying jejunal 
IELs and plasma cells and, in the latter case, by determining 
the antibody class. 


MATERIALS AND METHODS 


Animals and preparation for transplantation Conventionally 
reared 8-week-old male BDF 1 mice (Simonson Laboratory, Gilroy, 
Calif) fed ad lib standard laboratory chow and acidified water (pH 
2.5) were used throughout these experiments. Animals were pre- 
pared for syngeneic transplantation or given lethal irradiation with- 
out bone marrow rescue by exposure to 900 rad “Co total body 
irradiation (TBI) from a single source at a source-target distance of 
130 cm and a rate of 52 rad/min. 
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peaking suboptimally but higher than LBM by day 35; 
LBM + BC, days 11 through 14, peaking at control levels by 
day 35; and LBM + GL, day 7, peaking at control levels by 
day 28. The IEL decline was most severe with LBM and 
HBM treatment and least with LBM + GL. All transplant 
groups experienced maximal plasma cell decline by day 7. 
LBM had the most severe depletion, and LBM + GL had the 
least. Recovery to control levels for the LBM, HBM, LBM + 
BC, and LBM + GL groups occurred by days 28, 21, 21, and 
14, respectively. In all instances, >95% of the plasma cells 
were IgA positive. 

© 1986 by Grune & Stratton, Inc. 


Preparation of cells for transplantation. Bone marrow was 
obtained by flushing femurs and dispersing cells in Hanks’ balanced 
salt solution (HBSS) and removal of bony spicules by passage 
through a steel mesh. Blood for buffy coat cells was obtained from 
the retroorbital space Lymphocytes were obtained from the small 
bowel epithelium and lamina propria as described previously, in 
which surface antigen analysis demonstrated 36% of the cells to be 
null, 35% to be positive for Thy 1.2, and 29% to bear surface 
immunoglobulins '* (The latter subpopulation indicates significant 
admixing of lamina propria lymphocytes along with the IELs 
recovered by this technique.) In brief, this was achieved as follows. 
The small bowel was removed and the chyme was eliminated by 
flushing with phosphate-buffered saline (PBS). The epithelial layer 
was digested by distending the lumen of the gut for 1 hour at 37 °C 
with 4.5 mL of a hyaluronidase-containing solution (4,700 USP U of 
bovine testis hyaluronidase (US Biochemical Corp, Cleveland, OH, 
38593), and 100 U each of penicillin and streptomycin per milliliter 
in Eagle’s minimum essential medium with vitamins, amino acids, 
0.17 glucose, and 20% fetal bovine serum (FBS)). The resultant 
suspension was harvested by gently milking and flushing the cells out 
of the lumen with 2 to 3 mL of PBS. The lymphocytes were purified 
by layering over discontinuous Percoll (30%, 40%, and 70% in PBS 
with 5% FBS, 0.1% glucose, and 80 ug/mL crude DNase (Sigma 
Biochemical Corp, St Louis, D0876 [DN]) and centrifuging at 628 g 
(mid-gradient) at 0°C to 4°C for 30 minutes. The lymphocytes 
banded at the 40% to 70% interface. 

Treatment groups and sampling points To obtain a uniform 
donor and recipient population, we performed experiment en masse 
with animals having the identical date of birth as well as identical 
shipping, housing, and feeding conditions. Donor cells were pooled to 
ensure uniformity of the infused bone marrow, buffy coat cells and 
musocal lymphocytes. Groups of 40 irradiated mice each were 
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infused with 2.0 x 105 bone marrow cells (low bone marrow dose 
allowing 100% survival, LBM), 1.0 x 10$ bone marrow cells (five 
times minimal dose, HBM), 2.0 x 10° bone marrow cells + 2.0 x 
10° buffy coat cells (LBM + BC), or 2.0 x 10° bone marrow 
cells + 2.0 x 10° gut lymphocytes (LBM + GL) as a 0.5-mL aliquot 
in the tail vein. Viability of infused cells was determined by 0.4% 
trypan blue exclusion. Enumeration was done with a hemocytometer 
using phase-contrast microscopy. All dilutions were made in HBSS. 
Twenty animals received irradiation alone with sham transplanta- 
tion of 0.5 mL HBSS (TBI). An untreated control group of six mice 
was examined Six animals from each treatment group were scored 
on day 7, 11, 14, 21, 28, and 35 postmanipulation. 

Quantification of jejunal IEL and plasma cells, and plasma cell 
immunoglobulin determination. A 3.0-cm section of gut from the 
junction of the proximal one-third and distal two-thirds and the 
small bowel was removed and placed in 10% buffered formalin for 5 
minutes until stiffened. It was then quartered into 0.75-mL cylinders 
and placed back in formalin to complete fixation All four samples 
from each animal were embedded on end 90 ? to the long axis of the 
bowel in a solitary paraffin block. Seria] 2- to 3-um cross-sections 
were prepared and stained with methyl green pyronin (highlighting 
RNA-containing material allowing for more rapid identification of 
plasma cells) and by the three-layer indirect peroxidase-antiperoxi- 
dase method? for IgA, IgM, or IgG.” The latter was done as follows. 
Dewaxed slides were immersed for 30 minutes in 0.5% H,O, (in 
methanol) to destroy endogenous peroxidase activity, absorbed with 
3% normal goat sera (Cappel Laboratories, Westchester, PA) for 5 
minutes, and blotted. They were then reacted serially with primary 
antiserum for 30 minutes (1:100 rabbit anti-mouse IgG, IgA, or 
IgM, Litton Bionetics Inc, Charleston, SC, 8403-04, 8403-01, or 
8403-09) with link antiserum for 5 minutes (1:20 goat anti rabbit 
IgA, US Biochemical 25427) and then peroxidase-antiperoxidase 
for 5 minutes (1:100 rabbit antiperoxidase complexed with horserad- 
ish peroxidase, US Biochemical 2464), which was visualized by a 5- 
to 6-minute exposure to diamino benzidine HCI (0.5% wt/wt in 
Tris-buffered saline pH 7.6 (TBS) with freshly added H,O, to 0.5% 
vol/vol). All antibody dilutions and slide washings between antibody 
reactions were done with TBS. All reactions were done at room 
temperature in a humidifying chamber. The slides were counter- 
stained by a 10-second dip in filtered Mayer's hematoxylin 

IELs were quantified by the number of them contained within 500 
epithelial cells divided by 5,? and plasma cells were quantified by 
the number per cross-section Each of six animals within a sampling 
point had four repeated measures scored. 

Statistical treatment. The Student-Newman-Keuls t test was 
used to analyze data sets between different experimental treatments 
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at the same time intervals (cross-sectional data) and within the same 
treatment at different time intervals (longitudinal data). The a level 
was set at 0.05. All comparisons were planned in advance. 


RESULTS 


All animals receiving bone marrow transplants survived 
through day 35, and all irradiated nontransplanted mice died 
by day 14. No evidence of gastrointestinal pathology other 
than radiation-induced lymphoid depletion and transient 
acute radiation damage to the epithelium was observed. The 
sloughing of neurotic cells and integrity of the epithelial 
lining of the gut was completely established by day 7. 

IELs. After irradiation, the numbers of IELs dropped 
sharply (Table 1). Starting from a control value of 12.9, by 
day 7 the TBI, LBM, HBM, LBM + BC, and LBM + GL 
groups fell to 3.5, 2.0, 8.1, 6.9, and 8.2, respectively. The IEL 
counts of the LBM group did not fluctuate significantly from 
day 7 through day 14; by day 14, the IELs of the HBM group 
had reached their maximal decline (2.1) approaching this 
level. The low point for the LBM + BC group was also 
reached at day 14 (4.6); it was significantly higher than the 
day 14 LBM and HBM IEL counts. The nadir was reached 
by day 11 for LBM + GL-treated animals (7.6). The IEL 
levels of the TBI group remained stable through day 11 at 
3.5. As indicated in Table 1, at day 21 IEL levels for the 
HBM, LBM + BC, and LBM + GL groups formed one set 
of statistically similar values, with their means ranging from 
8.8 to 10.0. The untreated control group formed a second 
higher set (12.9), and the day 21 LBM group formed a third 
lower value set (4.3) (P < .05). The LBM group reached 
peak repopulation levels from day 28 to 35 with a mean of 7.8 
to 8.2 IELs. The recovery of the HBM group peaked at day 
21 to 35, with the mean ranging from 10.0 (day 21) to 11.1 
(day 28) IELs. Both the LBM and HBM peaks fell short of 
the control level (P < .05) and were different from each other 
(P « .05). The maximum repopulation of IELs produced by 
the LBM + BC or LBM + GL regimens did not differ 
statistically from the control level, at day 35 (12.0) for the 
former and at day 28 (12.0) through 35 (12.0) for the latter 
treatment. 

Plasma cells. As with the IEL levels, all animals 
exposed to TBI had a rapid drop in plasma cells by day 7 


Table 1. IEL Levels 





Day 
Treatment 7 11 14 21 28 35 
TBI 3.5 3.5 — — mE = 
(3 2-3 8) (3.3-3.8) 
LBM 20 14 1.7 4.3 8.2 7.8 
(1 5-2.6) (0.9- 1.8) (1.4-2.1) (3.5-5.2) (7 4-9.0) (7.1-8 4) 
HBM 8 1 64 2.1 10.0 11.1 10.3 
(7.0-9.2) (5.8-7.1) {1.6-2 6) (8.9-11.1) (10 2-12 0) (9.1-11.6) 
LBM + BC 6.9 50 4.6 9.2 10.1 12.0 
(6 4-7.4) (4.2-5.7) (3 7-5.4) (8.2- 10.2) (9 7-10.5) (11.1-12.8) 
LBM + GL 8.2 76 10.1 8.8 12.0 12.0 
(7.7-8.8) (6.9-8.3) (9 0-11.2) (7.6-9.9) (11.2-12.7) (11.5-12.4) 


IELS jejunal intraepithelial lymphocytes. TBI, total body irradiation; LBM, low bone marrow dose allowing 100% animal survival; HBM, high 
(5x minimal) bone marrow dose, BC, buffy coat cells; GL, small gut mucosal lymphocytes 
Untreated control 12.9 (12 3- 13.5); mean (95% confidence interval for the mean). 
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regardless of whether they had received any of the transplan- 
tation regimens (Table 2). Numerically, there was a decline 
from a pretreatment mean of 365 to 71.7, 67.6, 93.6, 101, 
and 139 for the TBI, LBM, HBM, LBM + BC, and LBM + 
GL manipulations, respectively. There was no significant 
difference between the TBI and LBM groups or between the 
HBM and LBM + BC groups. By day 11, all the transplan- 
tation treatments produced a significant elevation in number 
of plasma cells for their respective day 7 levels (P « .05), 
whereas the TBI group continued to decline (45.6) (P < .05). 
Cell repopulation approached the control level by day 28, 21, 
21, and 14 for the LBM (376), HBM (335), LBM + BC 
(347), and LBM + GL (310) treated mice. 

Immunoglobulin class of plasma cells. The predomi- 
nant immunoglobulin class found in the lamina propria 
plasma cells of the control group was IgA (79996). IgM- and 
IgG-bearing plasma cells were rarely present, accounting for 
«196 of all plasma cells. This relationship was maintained 
with minor variations during recovery of the plasma cell 
population after all the transplantation treatments. On day 
21, IgM-positive cells accounted for 2.4% of the LBM + BC 
and 2.2% of the plasma cells of the LBM + GL groups. Also 
on day 21, 1.5% of the plasma cells in the LBM + BC- 
treated animals contained IgG. In all instances, >95% of the 
plasma cells were IgA positive. 


DISCUSSION 


In this study, irradiation induced a rapid loss of plasma 
cells with a half-life of ~4 days. This is consistent with the 
4.7-day half-life previously reported for mice?! Tritiated 
mouse peripheral lymph node plasma cells have been shown 
to persist as long as 65 days after lethal irradiation and bone 
marrow rescue.” IEL depletion was also rapid, but by day 7 
it had stabilized at 27% of control levels, representing a large 
fraction of radioresistant cells. Syngeneic bone marrow 
transplantation was able to reverse plasma cell and IEL 
depletion in mice caused by irradiation with 900 rad Co. 
Differences in the degree of initial loss, rates of recovery, and 
maximal repopulation levels demonstrated a positive dose 
response to bone marrow. Augmenting bone marrow at a 
ratio of 1:1 with buffy coat cells, and especially small gut 
mucosal lymphocytes proved beneficial in promoting mor- 
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phologic recovery. This may represent a concentration gra- 
dient of cells destined for the mucosal immune system. This 
would not be an unexpected observation considering the 
previously mentioned migratory path followed by cells of the 
mucosal immune system. The shifts in IEL subpopulations 
that occurred or the functional defects that remained after 
normal plasma cell density and immunoglobulin class (IgA) 
were regained are still unknown. 

IELs are more radioresistant than are classical lympho- 
cytes.? Recently, in rat radiation chimeras conditioned by a 
single dose of 1,000 rad, it was reported that the IEL 
population 3 to 5 weeks postbone marrow transplantation 
was almost equally divided between donor and host cells, 
whereas few host peripheral lymph node lymphocytes 
remained.” These investigators demonstrated a bone mar- 
row origin for the donor IELs. It is likely that the regenerated 
host IELs arose from the relatively large radioresistant gut 
IEL population seen in the present study. IELs are migratory 
and mitotically active. In our study, infusion of gut mucosal 
lymphocytes along with bone marrow markedly blunted the 
depopulation and hastened repopulation of IELs in the gut. 

The biological roles of IELs have yet to be satisfactorily 
determined. Until recently, they were thought to have a large 
(35% to 100%) T cell component, as judged by their reaction 
to various antisera (including monoclonal agents) thought to 
be T cell specific, 992533 yet the thymus has proved not to be 
necessary for their processing.” T cell markers are known 
to be also expressed on NK cells? and Thy-1-positive cells 
have been observed in appreciable numbers within the lym- 
phoid tissues of nude mice.” It has been postulated that there 
may be classes of pre-T stem cells committed to specific 
organs by passing the thymus." We wonder if it is wise to use 
the term “T cell" for these cells which bypass the thymus and 
may have biological properties unique from "classical" T 
cells. IELs have a large number of cells with overlapping Ly 
1 and Ly 2 antigens? and, in accepting the current 
premises that this represents an ontogenically immature 
state, we previously suggested that the gut epithelium might 
be a site for IEL maturation. IELs have been shown to be 
active in NK, K, and cytotoxic T cell killing.” They are 
in close proximity to enterocytes and the epithelial processes 
of lamina propria dentritic macrophages, which are constitu- 
tionally positive for Ia antigen. What bearing this arrange- 


Table 2. Plasma Cell Levels 





Day 
Treatment 7 11 14 21 28 35 
TBI 71.7 45.6 = — mE = 
(618-81 6) (36.0-55.1) 
LBM 676 163 197 260 376 327 
(55 2-80 0) (140-186) (168-226) (231-290) (343-408) (288-366) 
HBM 936 175 172 335 363 303 
(74.5-113) (152-197) (143-200) (302-368) (321-406) (244-361) 
LBM + BC 101 166 258 347 309 324 
(87 5-115) (144-189) (227-289) (318-376) (277-341) (289-360) 
LBM + GL 139 191 310 331 321 298 
(129-150) (169-213) (280-340) (285-377) (300-342) (273-323) 





Abbreviations as in Table 1. 


Untreated control 365 (344—385); mean (95% confidence interval for the mean). 
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ment has on IEL function remains to be determined. A more 
rapid IEL engraftment may be beneficial in the case of 
autologous or syngeneic bone marrow transplant, but, if 
IELs are involved in the pathogenesis of graft v host response 
(GVHR), this could prove detrimental. 

S-IgA has a primary antiseptic rather than aseptic role. 
Diminished secretory immunoglobulin levels need not be 
synonymous with overt GI disease‘ if good hygiene is 
maintained and trauma is avoided. Case reports, however, 
have associated a poorly functioning secretory immunoglo- 
bulin system with susceptibility to gut infection and malab- 
sorption syndromes in humans, which were reversed on oral 
administration of secretory immunoglobulins. S-IgA 
blocks antigen and microbial entry into the body by prevent- 
ing adherence to the epithelia,” binding to antigens within 
the mucus meshwork,” stimulating goblet cells to release 
mucus,” and potentiating the action of lactoferrin.” Mate- 
rials that have complexed with S-IgA that do gain access to 
the gut wall and the portal system are selectively taken up in 
the liver.*4 

In our study, there was rapid logarithmic loss of plasma 
cells with irradiation. This is consistent with the rapid loss of 
salivary S-IgA reported in a patient who had extra corporeal 
cesium irradiation of blood for management of chronic 
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lymphocytic leukemia? but is at partial odds with the 
autopsy study of Beschorner and colleagues.?$ They reported 
gut lamina propria plasma cell densities in a semiquantita- 
tive manner, finding only a mild loss of cells following 
engraftment failure or failure of sustained engraftment in 
patients who survived >28 days. Those with graft v host 
disease (GVHD) had severe depletion, especially of IgA- 
bearing plasma cells. Unfortunately, antemortem secretory 
immunoglobulin levels were not obtained to correlate func- 
tion with morphology. 

Present studies on the fluctuations in gut plasma cells and 
IELs after lethal irradiation and syngeneic bone marrow 
transplantation in the mouse demonstrated that a severe loss 
of GALT occurs over a prolonged period of time. This loss 
can be abated and recovery potentiated by augmenting the 
transplant regimen with buffy coat cells or gut lymphoid 
cells. The fact that mucosal immunoincompetency may 
occur in patients after TBI and bone marrow transplantation 
may explain the high rate of associated mucosal infection in 
patients with allogeneic and autologous bone marrow trans- 
plants.’ The addition of buffy coat cells to bone marrow 
grafts may have potential in enhancing the recovery of the 
GALT and thereby decreasing the risk of infections derived 
from the gastrointestinal tract. 
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Studies on the Effect of Vanadate on Endocytosis and Shape Changes 
in Human Red Blood Cells and Ghosts 


By S.L. Schrier, Irene Junga, and Lisa Ma 


When amphipathic cationic drugs are added to intact 
human RBCs, the RBCs first undergo a stomatocytic shape 
change and then, if relatively large amounts of drug are 
added and if the metabolic state of the RBC is appropriate, 
endocytic vacuoles form. Vanadate has a structural similar- 
ity to the transition state of phosphate, which presumably 
accounts for its ability to inhibit phosphohydrolases, 
although other actions of vanadate have been described. 
Vanadate inhibited three forms of drug-induced endocyto- 
sis in intact RBCs despite the fact that the three drugs 
chosen (primaquine, chlorpromazine, and vinblastine) are 
known to have differing requirements for RBC ATP. Vana- 
date also inhibited the stomatocytic shape change pro- 
duced by primaquine, chlorpromazine, and vinblastine, but 


HEN AMPHIPATHIC anions and cations are added 
to RBCs in vitro, they produce, respectively, echino- 
cytosis and stomatocytosis.! Somewhat similar shape altera- 
tions also occur under certain circumstances in vivo.? Stoma- 
tocytosis can be extended in vitro to proceed to the formation 
of endocytic vacuoles, which are inside-out portions of the 
RBC plasma membrane that form preferentially in the 
invaginated portion of the cup.’ The irreversible loss of 
membrane surface area into endocytic vacuoles reduces the 
surface area /volume ratio? and results in the formation of a 
spherostomatocyte. Continuation of the process results in 
RBC lysis.’ A role of RBC metabolism in this in vitro 
process was deduced from the observation that glucose 
deprivation could prevent primaquine-induced hemolysis.‘ 
Some forms of drug-induced endocytosis (ie, that produced 
by chlorpromazine) can occur in ATP-depleted RBCs, an 
observation that tended to uncouple the relationship between 
RBC metabolism and drug-induced RBC shape change? 
Subsequently, it was noted that most forms of drug-induced 
stomatocytosis and endocytosis in vitro take place more 
readily in glucose-supplemented, ATP-replete RBCs.° It has 
been suggested that ATP has an important but poorly 
understood role in controlling intact RBC shape.’ On the 
basis of experiments performed with ghosts, a shape-mediat- 
ing role of Mg-ATP* acting through the membrane Mg?*- 
ATPase has been proposed.? 
These observations led us to suspect that there is a role for 
ATP and perhaps ATP hydrolysis in drug-induced stomato- 
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not the stomatocytosis produced by low pH. Vanadate had 
no effect on RBC echinocytosis produced by lysophosphati- 
dylcholine. In studying endocytosis in hypotonic, leaky, 
"white" ghosts, we discovered that vanadate inhibited 
only the endocytosis produced by Mg-ATP and not the 
endocytosis produced by manipulations that directly attack 
the cytoskeletal proteins. These findings suggest that ATP 
hydrolysis has a role in some forms of amphipathic cation- 
induced stomatocytosis and endocytosis in intact RBCs. In 
addition, studies in ghosts support the idea that Mg-ATP 
does indeed produce ''energized" endocytosis dependent 
on utilization or hydrolysis of ATP. 

© 1986 by Grune & Stratton, Inc. 


cytosis and the subsequent endocytosis in intact RBCs. An 
opportunity for evaluating the potential role of ATP hydroly- 
sis in RBC stomatocytosis and endocytosis was provided by 
recent observations on the properties of the several forms of 
vanadium. Ionic vanadium, under certain circumstances, has 
a structural similarity to the transition state of phosphate, 
thereby perhaps accounting for its ability to inhibit phospho- 
hydrolases at micromolar concentrations.'^!! Vanadate inhi- 
bition of RBC membrane Na*, K*-ATPase" and Ca?*, 
Mg?*-ATPase'** has been reported, whereas incubation of 
vanadate with intact RBCs has inhibited the sodium pump in 
a manner consistent with inhibition of the pump-related 
RBC membrane Na+, K*-ATPase.'? Therefore, we tested a 
hypothesis that ATP hydrolysis was important in drug- 
induced stomatocytosis and endocytosis in intact human 
RBCs by studying the effect of vanadate on RBC shape 
change and endocytosis. In addition to inhibiting the phos- 
phohydrolases, vanadate can inhibit phosphatases, stimulate 
adenyl cyclase? and, at very high concentrations, can pro- 
duce RBC metabolic alterations'*!” and even cause shape 
changes." Therefore, experiments using vanadate must be 
carefully controlled and interpreted. 

Use of vanadate also offered us the opportunity of testing a 
hypothesis on endocytosis produced in white ghosts.!*? We 
and others had identified two forms of endocytosis in white 
ghosts. One form, called “nonenergized” endocytosis, is 
produced by hypotonicity, EDTA, or trypsin, all of which 
appear to act by stripping away the cytoskeleton.'? The other 
form is produced by addition of Mg-ATP and has been called 
“energized endocytosis,” although the mechanism of ener- 
gization has not been identified. If vanadate blocked Mg- 
ATP-induced energized endocytosis, it would mean that 
ATP hydrolysis was probably required. 


MATERIALS AND METHODS 


All reagents used were reagent grade or better Sodium ortho- 
vanadate was obtained from Fisher Scientific Company, and its 
concentration was verified." The solutions were adjusted to pH 7.5, 
and only solutions that were clear and devoid of color were used.?! 
Carrier-free ?Pi was obtained from New England Nuclear Corp 
(Boston). Lysophosphatidylcholine was obtained from Sigma Co, St 
Louis. Trypsin was obtained from the Worthington Chemical Co, 
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Freehold, NJ. RBC membrane actin was purified as previously 
described.? Silicon 550 Fluid was obtained from Dow Corning. 
[G-H] Vinblastine sulfate--*H 11.4 Ci/mmol was obtained from 
Amersham International, Amersham, England. Chlorpromazine 
HCl (benzene ringH) 39.1 Ci/mmol was obtained from New 
England Nuclear. Protosol and Biofluor were also obtained from 
New England Nuclear. 

Freshly drawn, heparinized venous blood was obtained from 
normal human donors according to a protocol approved by the 
Stanford University Committee on Human Experimentation. The 
blood was centrifuged at room temperature, and the plasma and 
buffy coat were removed, after which the RBCs were washed once 
with 15- to 20-fold volumes of 0.15 mol/L of NaCl and then three 
times with either cold Hanks' solution or phosphate-buffered saline 
(PBS) pH 7.4 containing 2 mg glucose/mL. 

Ghost preparation. White ghosts were made exactly as previ- 
ously described, using three washes of 5 mmol/L of phosphate buffer 
pH 8.0 at a ratio of 40 vol of lysis solution to 1 vol of packed RBCs.” 
The protein concentration was determined by the method of Lowry, 
using five times recrystalized bovine serum albumin (BSA) as 
standard. 

ATPase assays. The several different ATPase activities dis- 
played by ghosts were measured exactly as previously described 
using y ?P-ATP as substrate ? The ”Pi generated as a result of 
ATPase action was quantitatively recovered in the isobutanol- 
benzene extract.” Four ATPases were measured. All assays con- 
tained ~100 ug of membrane protein, 2.5 mmol/L of Mg?*, and 1.5 
mmol/L of 4-?P-ATP, which defined the Mg?*-ATPase. For the 
Na*, K*-ATPase, 30 mmol/L of K* and 100 mmol/L of Na* were 
added For the Ca?*, Mg?*-ATPase, 0.12 mmol/L of Ca?* was 
added. For the actin-activated ATPase, 100 ug of RBC membrane 
actin was added to 100 ug of RBC membrane protein. 

RBC endocytosis Endocytosis was induced in intact RBCs by 
adding primaquine, chlorpromazine, and vinblastine as described 
previously.>*"4 To test the effect of vanadate on RBC endocytosis, it 
was preincubated with RBCs suspended in plasma or Hanks’ solu- 
tion for 30 to 60 minutes at 37 °C to allow passage of vanadate into 
the RBC interior.'^5 At the end of the preincubation period, the 
endocytosis-inducing drug was added, and the timing of the incuba- 
tion was begun and continued at 37°C for the length of time 
indicated in the text and Tables 1 through 6 The extent of 
endocytosis was monitored by phase microscopy and by the radioiso- 
topic method, which 1s based on the trapping of ?'Co-vitamin Bj; 
within endocytic vacuoles.^*"^ Preliminary experiments indicated 
that vanadate, at the concentrations used (5 to 100 umol/L), 
produced neither RBC shape changes nor endocytosis, nor did it 
interfere with the binding of the *’Co-vitamin B,.-transcobolamin 
complex to the RBC surface. ATP levels were measured by the 
coupled hexokinase-G6PD assay” in intact RBCs before and after 
incubation with the endocytosis-inducing drugs alone or in combina- 
tion with vanadate. It was important to determine whether the 
inhibitory effects of vanadate were reversible. Therefore, RBCs as 
described above were incubated without and with vanadate at 37 °C. 
Then, relying on the published information of vanadate efflux, we 
washed the RBCs twice with a 20-fold volume of Tris-buffered saline 
pH 7.2 containing 1% BSA. We then incubated them overnight at 
37°C at a hematocrit of 10 in Hanks’ solution containing 10% 
autologous plasma, 5 mmol/L of glucose, and penicillin 200 U/mL 
and streptomycin 200 ng/mL In the morning, the RBCs were 
washed again three times with Hanks’ solution and were then 
studied as above for their capacity to undergo cationic amphipath- 
induced RBC shape change and endocytosis. 

RBC shape changes. To produce echinocytosis, intact washed 
RBCs were incubated in PBS-glucose (2 mg/mL) at 2% hematocrit 
with 6 ng/mL of lysophosphatidylcholine for up to 30 minutes at 
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37 °C without or with the addition of vanadate. Samples of 20 uL 
were removed at given time intervals from 5 to 30 minutes, added to 
200 uL of 1% glutaraldehyde in PBS, and then examined by phase 
microscopy. The proportion of RBCs of different morphologies was 
recorded using the nomenclature and classification of Bessis.? The 
effect of vanadate on shape change reversibility was then measured 
by removing the suspending media and washing the RBC pellet 
serially with either 1% BSA ın PBS, or 1% BSA plus 30 pmol/L of 
vanadate in PBS. Morphologic assessment by phase microscopy was 
made of the RBCs after each wash Selected samples were also 
photographed by Nomarski interference microscopy. The effect of 
vanadate on induction of stomatocytosis was also studied. The 
amphipathic cations, primaquine, chlorpromazine, and vinblastine, 
were used to produce stomatocytosis; the incubations were carried 
out as described for endocytosis. Acid-pH was also reported by 
Deuticke! to induce stomatocytosis. Therefore, washed intact RBCs 
at a hematocrit of 2% were incubated in PBS pH 7.4 as a control, and 
then with both 0.1 mol/L of PO, buffer pH 5.2 or citrate buffer 0.1 
mol/L pH 5 2 at 37 °C for 30 minutes without or with concurrent 
addition of 30 umol/L of vanadate. Samples were obtained for 
morphologic analysis. Reversal of shape change was then performed 
by washing either with 1% BSA 1n PBS pH 7.4 or 1% BSA plus 30 
umol/L of vanadate in PBS pH 7 4. 

Drug entry into RBCs. The effect of vanadate on the uptake of 
chlorpromazine and vinblastine was measured by a method previ- 
ously used, with a single modification * Instead of diluting and 
washing the RBC pellet after incubation, we layered the samples on 
top of a 1-ml silicon barrier in a 1.5-mL Eppendorf centrifuge tube 
and immediately centrifuged them at room temperature for 2 
minutes at full speed. The clear supernatant formed a distinctly 
visible band above the barrier, and the RBC pellet was densely 
packed at the bottom of the tube. The top supernatant fraction was 
carefully removed and added to a scintillation vial. The RBC pellet 
was harvested by cutting off the tip of the tube and placing it in a 
scintillation vial. One milliliter of Protosol/ethanol (1:2) was added 
to all vials, which were digested at 60°C for 90 minutes and then 
allowed to cool, after which 0.3 mL of 30% H,O, was added and the 
samples were stored overnight at room temperature. Ten milliliters 
of Biofluor was added, and the vials were shaken; then 0.5 mL of 0.5 
N HC! was added. The mixture was shaken, allowed to cool for 2 
hours, and then counted by liquid scintillation spectrometry in a 
Beckman LS 230 counter The specific activity of endocytosis- 
inducing drugs was adjusted by adding radioisotopes to “cold” drugs 
to provide a stock standard solution. The chlorpromazine specific 
activity used was 1.13 x 10$ cpm/umol, and the vinblastine specific 
activity was 3.46 x 10° cpm/umol. 

Ghost endocytosis. Endocytosis in white ghosts was induced by 
three methods." Addition of 20 ng/mL of trypsin or 0.1 mmol/L of 
EDTA produces endocytic vacuoles presumably by stripping off 
segments of the cytoskeletal proteins, ie, nonenergized endocytosis. 
Conversely, addition of 3 mmol/L of Mg-ATP to leaky ghosts 
suspended in 50 mmol/L of TES pH 7.5 produces energized 
endocytosis.* The extent of endocytosis was measured semiquantita- 
tively by observing coded ghosts samples under phase microscopy 
and quantitatively by the acetylcholinesterase method originally 
described by Jarrett and Penniston ?' In all reported experiments, 
the semiquantitative morphologic assessment was 1n excellent agree- 
ment with the results of the acetylcholinesterase assay Vanadate 
had no effect on the acetylcholinesterase assay (data not shown). To 
determine if the effect of vanadate was reversible, ghosts incubated 
without and with vanadate were washed three times in 50 mmol/L of 
TES and then restudied for their capacity to undergo Mg-ATP- 
induced endocytosis. 

Radiophosphorylation studies of ghosts during endocytosis In 
attempts to explore the molecular mechanism by which Mg-ATP 
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might cause ghost endocytosis, RBCs were radiolabeled by incubat- 
ing them under sterile conditions for 20 hours with 100 to 500 Ci of 
?P/mL packed RBCs ? Ghosts were then prepared and incubated 
as above with 50 mmol/L of TES buffer, and 3.0 mmol/L of 
Mg-ATP without and with the addition of 30 umol/L of vanadate to 
block endocytosis. Following incubation at 37°C for a time suffi- 
cient to cause extensive endocytosis in the samples free of vanadate, 
ghosts were separated and analyzed by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) on slab gels using 
the Laemmli system as previously described ? The gels were ana- 
lyzed by densitometry, bands were cut out and weighed, and the 
proportion of total proteins was recorded. The extent of radiophos- 
phorylation of the membrane proteins was then assessed semiquanti- 
tatively by ?P-radioautography and quantitively by slicing out the 
relevant bands, dissolving them in 600 uL of 30% H,O,, adding 
aquasol, and measuring the radioactivity by liquid scintillation 
spectrometry From the radioisotopic data and protein concentra- 
tions, the ?P specific activity of the individual phosphorylated 
proteins could be calculated. 


RESULTS 


ATPase assays. The ATPase assays were carried out in 
duplicate as described in the Materials and Methods section, 
and the samples were incubated 60 min at 37°C both 
without vanadate and with the addition of 2 and 20 umol/L 
of vanadate at the start of the incubation period. The results 
(Table 1) showed that all the ATPases were strongly inhib- 
ited by vanadate at 20 umol/L and that Mg?*-ATPase 
showed the greatest sensitivity, being inhibited 53% at 2 
nmol/L of vanadate. 

Ghost endocytosis and the effect of vanadate. Experi- 
ments were designed to test the effect of vanadate on 
energized endocytosis as produced by addition of 3 mmol/L 
of Mg-ATP, or on nonenergized endocytosis produced by 
incubation of ghosts with 20 ng/mL of trypsin or 0.1 
mmol/L of EDTA. Incubation was carried out (as described 
in the Materials and Methods section) at 37 °C, with sam- 
ples observed at 0, 15, 30, 45, and 60 minutes. In each case, a 
sample with buffer alone and another with an appropriate 
concentration of vanadate used were incubated in parallel. 
Acetylcholinesterase results were correlated with indepen- 
dent coded morphologic observations. Vanadate in concen- 
trations of 30 umol/L had no inhibitory effect on endocytosis 
produced by either EDTA or trypsin. In contrast, it pro- 
foundly inhibited Mg-ATP endocytosis (Table 2A). This 
effect of vanadate was completely reversible. Ghosts incu- 
bated with 30 umol/L of vanadate were washed three times 
with 50 mmol/L of TES, after which their ability to undergo 
Mg-ATP-induced endocytosis was unimpaired as compared 
with values of ghost suspensions incubated in parallel but 
without prior vanadate addition (Table 2B). Ghosts were 


Table 1. Effect of Vanadate on RBC Membrane ATPases 








Vanadate 
Concentration Na*, cat, 
(umot/L) Mg''-ATPase K*-ATPase  Mg"'-ATPase ^ AA-ATPase 
2.0 53 + 17 (3) 26 (1) 12 + 13(3 19 + 7 (3) 
20.0 75 + 0.6 (3) 77 (1) 51 + 14(2) 69 +6 (4) 





Number of experiments in parentheses. Values are expressed as 
Percent of inhibition of the control value, mean + SD. 
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Table 2. Effect of Vanadate on Endocytosis in Ghosts 





Time of incubation 





No of at 37 °C 
Exper- 
Endocytosis Inducer ments 30 Min 60 Min 
A 
Mg-ATP 5 97+6 395-7 
Trypsin 7 o o 
EDTA 3 0 0 
B 
Reversal of vanadate inhibition 
Mg-ATP 2 o o 





Results are expressed as percentage of inhibition x SD produced by 30 
mol/L of vanadate. 


then prepared from RBCs that had been radiophosphory- 
lated. Aliquots were taken for analyses at 0, 60, and 150 
minutes of incubation at 37 °C. No differences in the amount 
and distribution of the membrane proteins were detectable 
by densitometry; nor were there detectable differences in the 
phosphorylation patterns of the membrane proteins among 
four samples containing: buffer only; 30 umol/L of vanadate; 
3 mmol/L of Mg-ATP, and 3 mmol/L of Mg-ATP plus 30 
umol/L of vanadate (data not shown). 

Effect of vanadate on drug-induced endocytosis. Addi- 
tion of up to 100 umol/L of vanadate and incubation for up 
to 60 minutes at 37 °C had no effect on RBC shape or on the 
binding of the indicator ?Co-vitamin B;;-transcobalamin 
complex to the RBC outer surface (data not shown). Vana- 
date was allowed to enter RBCs during a 60-minute preincu- 
bation at 37°C. Endocytosis produced by all three drugs 
(Table 3) was inhibited by vanadate. The magnitude of the 
vanadate effect can be appreciated from a single experiment, 
in which primaquine endocytosis trapped 1,150 cpm of 
*7Co/10'° RBCs but preincubation with 30 pmol/L of vana- 
date reduced that to 250 cpm/10'° RBCs. In the same 
experiment, control values for chlorpromazine endocytosis 
were 881 cpm/10'? RBCs, falling to 313 cpm/10'? RBCs on 
addition of 30 umol/L of vanadate. Parallel values for 


Table 3. Vanadate Inhibition of Drug-Induced Endocytosis in 








RBCs 
Concentration Inhibition (96) 
No. of of Vanadate of Endocytosis 
Drug Experiments (umol/L} Mean +SD 
Primaquine 
3 mmol/L 4 
75 53 + 21 
150 75 + 19 
30.0 95 +11 
Chlorpromazine 
1 mmol/L 6 
7.5 36 + 29 
15.0 64 + 27 
30.0 90 + 17 
Vinblastine 
0 6 mmol/L 6 
7.5 10 + 15 
15.0 29 + 26 
30.0 77 x 18 
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vinblastine were 1,781, falling to 619. Phase microscopy 
revealed that >50% of RBCs had one or more vacuoles in 
control cationic amphipath-treated samples, whereas after 
vanadate <10% of the RBCs contained vacuoles except in 
the vinblastine sample, in which ~20% of the RBCs con- 
tained vacuoles. Primaquine endocytosis seemed most sus- 
ceptible, with an I; of ~7.5 umol/L of vanadate. 

Because it is known that reduction in ATP levels can 
impair drug-induced endocytosis, particularly primaquine 
endocytosis,* six experiments were performed with six dif- 
ferent donors to measure ATP levels in RBCs exposed to 
endocytosis-inducing drugs without or with the addition of 
vanadate. Table 4 shows the results of a single experiment 
and indicates that no change in ATP levels occurred as a 
consequence of incubation with amphipathic cations or 
vanadate. 

Effect of vanadate on RBC shape change. Because our 
experimental design called for coded morphologic assess- 
ment of RBC shapes during drug-induced endocytosis, it 
became quickly apparent that vanadate not only blocked 
endocytosis but also blocked the acquisition of the spherosto- 
matocytic shape change that invariably precedes endocytosis 
(Fig 1). Figure 1 shows the results with primaquine; how- 
ever, vinblastine and chlorpromazine stomatocytosis were 
similarly blocked. Primaquine and vinblastine produce the 
stomatocytic shape change over a period of minutes, whereas 
the chlorpromazine shape change is virtually instantaneous. 
Nevertheless, preincubation with vanadate blocked the 
chlorpromazine-induced stomatocytosis (data not shown) as 
effectively as it blocked primaquine and vinblastine stomato- 
cytosis. Higher concentrations of primaquine (4 to 6 
mmol/L) could partially overcome the shape inhibition of 30 
umol/L of vanadate (data not shown) but not of 100 umol/L 
of vanadate. 

The next question was whether vanadate could block other 
forms of shape change. Acid pH produces stomatocytes I and 
11? We therefore incubated RBCs as described in the 
Materials and Methods section without or with vanadate in 
isotonic citrate or phosphate buffer at pH 5.2. At intervals, 
RBCs were removed, fixed with glutaraldehyde, and exam- 
ined under phase microscopy. In two such experiments, 
vanadate had no effect on the acquisition of the stomatocytic 
shape produced by acidic buffers (data not shown). The 
shape change produced by acid pH was not readily reversed 
by four 60-fold volume washes in 1% BSA dissolved in PBS 
pH 7.4. Therefore, the role of vanadate on the reversal of the 
acid pH stomatocytic shape change could not be assessed. 

Echinocytosis was induced as described in the Materials 


Table 4. RBC ATP Leveis 








Value 
initial RBC ATP value 1.2 
Following incubation with 
Vanadate 30 umol/L and: 
No drug added 1.3 
Primaquine 3 mmol/L 1.3 
Chlorpromazine 1 mmol/L 1.9 
Vinblastine 0.6 mmol/L 1.6 
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Fig 1. Nomarski interference microscopy, original magnifica- 
tion 900x; current magnification 432x. (A) Contro! RBCs incu- 
bated without primaquine or vanadate for 45 minutes at 37 "C. The 
addition of 100 umol/L of vanadate during a 30-minute preincuba- 
tion at 37 "C resulted in the same discocytic picture. (B) RBCs 
were incubated with 4 mmol/L of primaquine for 45 minutes at 
37 °C. Note the extensive and uniform conversion to spherostoma- 
tocytes L^ (C) RBCs were preincubated with 100 umol/L of vana- 
date for 30 minutes at 37 °C before 4 mmol/L of primaquine was 
added; the reaction was then continued for an additional 45 
minutes at 37 °C. Note the persistence of the discocytic shape in 
essentially all RBCs. 


and Methods section by adding 6 ug/mL of lysophosphati- 
dylcholine, which produces echinocytes H and IHH. Addition 
of 30 umol/L of vanadate had no effect on the appearance or 
extent of this shape change. The reversibility of this shape 
change was then studied by washing RBCs in 1% BSA in 
PBS; neither preincubation with vanadate nor addition of 
vanadate to the wash solution interfered with the prompt 
reversal of the echinocytic shape change to the discocytic 
shape. 

Reversibility of vanadate effect on RBC stomatocytosis 
and endocytosis. To determine if the effect of vanadate 
was reversible, RBCs that had been pretreated with 30 
umol/L of vanadate were extensively washed and then 
incubated overnight under conditions calculated to enhance 
vanadate efflux. The results of one of two such experiments 
indicated (Table 5) that the effect of vanadate on endocytosis 
was reversible. The effects of vanadate on inhibition of 
stomatocytosis were also completely reversible (data not 
shown). 

Effect of vanadate on drug entry into RBCs. t was 
possible that micromolar amounts of vanadate could block 
uptake of amphipathic drug into RBCs. Therefore, the effect 
of vanadate on drug uptake was measured using identical 


Table 5. Reversibility of Vanadate Inhibition of RBC Endocytosis 








Vanadate-Treated 








Fresh RBCs (30 umoi/i.} RBCs, 
Treated With Washed and incubated 
Drug Vanadate 30 umol/L (96) Overnight (96) 
Primaquine 
3 mmol/L 76 5 
Chlorpromazine 
1 mmol/L 31 o 





Values are umol ATP/mL packed RBCs. 


Values are percentage of inhibition. 


1012 


SCHRIER ET AL 


Table 6. Effect of Vanadate on Drug Uptake into RBCs 








Time of 
Incubation Vanadate Concentration of Drug Concentration of Drug Recovery 
Drug Concentration at 37 ?C (min) Addition in RBCs* in Supernatantt of Drug (96) 
Vinblastine 0.5 mmol/L 45 o 0.52 0.39 83 
30 umol/L 0.51 0.38 83 
Chlorpromazine 1.0 mmol/L 15 0 0.76 0.78 79 
30 umol/L 0.71 0.84 81 





*umol/mL of packed RBCs. 
tumol/mL of supernatant. 


concentrations and ratios of drug, RBCs, buffer, and plasma, 
and the same time intervals we used to study endocytosis. 
Tritiated radioisotopes of vinblastine and chlorpromazine are 
available and we have previously studied their uptake into 
RBCs. The recoveries of radioisotopic drug were in the order 
of 80%. Vanadate produced no difference in RBC uptake of 
either chlorpromazine or vinblastine. One of the two experi- 
ments performed is shown in Table 6. 


DISCUSSION 


The chemistry of vanadium” and the oxyvanadium com- 
pounds? has been the object of considerable study because 
of their potential physiological role. At nanomolar to micro- 
molar concentrations and at physiologic pH, the predomi- 
nant species is pentavalent metavanadate anion (VO, ).5?5 
The metavanadate may resemble the transition state of 
phosphate, thus allowing it to insert into phosphate subsites 
of some ATP binding sites. Perhaps it is by this mechanism 
that metavanadate inhibits the RBC membrane Na*, K*- 
ATPase, and Ca?*, Mg?*-ATPase,'*'* as well as various 
phosphohydrolases in kidney, muscle, nerve, and liver. 
These studies generally have been carried out on disrupted 
cell fractions. Vanadate can also inhibit the Na*-K* pump 
when added to intact RBCs, but somewhat higher concentra- 
tions are required. ^? One explanation is that vanadate 
transverses the RBC membrane as the metavanadate anion; 
once inside the RBCs, however, substantial amounts of 
metavanadate are reduced to the tetravalent vanadyl cation 
(VO?*),'5!29 a form that is less inhibitory to the Na‘, 
K*-ATPase and that may also bind to cellular constituents.” 
In addition to its activity against ATPases, vanadate can also 
inhibit phosphatases, stimulate adenyl cyclase, and inhibit 
ATP-dependent proteases.'*"° Of importance to our study is 
the fact that vanadate at the micromolar concentrations used 
(2 to 100 pmol/L) has no effect on RBC shape, deformabili- 
ty, osmotic fragility, or metabolism," whereas it can affect 
all these modalities at considerably higher concentrations. 

We initially confirmed reports that micromolar concentra- 
tions of vanadate inhibited four human RBC membrane 
ATPases: Mg?*-ATPase, Na*, K*-ATPase, Ca?*, Mg’*- 
ATPase, and actin-activated ATPase (Table 1). The mem- 
brane preparation used for these measurements is essentially 
the same as the leaky hypotonic ghosts used to study endocy- 
tosis. 

In ghosts suspended in 50 mmol/L of TES, endocytosis 
can be produced by 3 mmol/L of Mg-ATP (energized 
endocytosis)'* and by attack on the cytoskeleton produced by 


trypsin or EDTA (nonenergized endocytosis).'? Vanadate 
blocked only Mg-ATP endocytosis (Table 2), thereby sug- 
gesting that hydrolysis of ATP is the important factor in 
energized endocytosis. Fairbanks and colleagues’ noted that 
vanadate blocked the discocytic shape transformation pro- 
duced by isotonically sealing Mg-ATP within ghosts and 
suggested that vanadate inhibited Mg^*-ATPase, which 
could be a shape-change-mediating enzyme. The evidence 
linking Mg^*-ATPase to ghost shape change is based on a 
parallelism between the concentration of vanadate that 
inhibits Mg^*-ATPase and the concentration of vanadate 
that inhibits Mg-ATP-induced ghost discocytosis." Using a 
similar form of analysis, we suggested that in a somewhat 
different preparation—resealed red ghosts—endocytosis 
requires the Ca’*-induced activation of Ca?*, Mg”*-ATPase, 
and that in the absence of Ca’* or in the presence of 
inhibitors of Ca?*, Mg?*-ATPase red ghost endocytosis was 
inhibited.” Hayashi and Penniston used a series of alkylating 
agents and noted a strong correlation between inhibition of 
ATPase and inhibition of endocytosis in ghosts. They pro- 
posed that inhibition at a single site accounted for both 
actions.” In trying to determine which of the ATPases might 
be involved, they noted concurrent inhibition of ghost endo- 
cytosis and a low-affinity Ca?*-stimulated Mg?*-ATPase.? 
It is unlikely, however, that there is any free Ca?* in these 
thoroughly washed white ghosts. Thus, the Mg’*-ATPase as 
well as the actin-activated ATPase are candidates for the 
mechanisms by which Mg-ATP could energize, and vana- 
date block, ghost endocytosis. The prompt reversibility of the 
vanadate effect is consistent with the reversibility of vana- 
date inhibition of RBC membrane ATPases” and against the 
idea that vanadate caused the oxidation of sulfhydryl 
groups.” Attempts to identify a membrane protein dephos- 
phorylated during Mg-ATP-induced endocytosis were 
unsuccessful. The methods used, however, were suitable only 
to detect dephosphorylation that might have occurred in 8 
spectrin, protein 2.1, 3, or 4.1, but not the RBC membrane 
ATPases. In addition to ATPase action, the hydrolysis of 
Mg-ATP in ghost endocytosis may be produced by protein 
kinases, by enzymes involved in lipid phosphorylation of 
ghost membranes, or by as yet unknown mechanisms.” 

To study endocytosis in RBCs, a very different system 
than leaky ghosts, we preincubated intact RBCs with vana- 
date at concentrations reported to inhibit the Na^-K* 
pump" and presumably the pump-related Na*, K*-ATPase; 
we observed a dose-dependent inhibition of drug-induced 
endocytosis (Table 3). It is highly unlikely that the RBC 
membrane Na*, K^-ATPase was involved in drug-induced 
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endocytosis since neither ouabain addition? nor substitution 
of choline for Na* or K+” have an effect on such endocytosis. 
We have previously shown that primaquine-induced endocy- 
tosis is absolutely dependent on active glycolysis and mainte- 
nance of ATP levels, whereas vinblastine and chlorproma- 
zine endocytosis are reduced ~60% but not obliterated by 
RBC ATP depletion.Ó Preincubation of RBCs with vanadate 
did not reduce RBC ATP levels (Table 4). Because ATP was 
not depleted and micromolar additions of vanadate inhibited 
endocytosis, it 1s highly likely that it is not ATP in itself, but 
ATP hydrolysis that is involved in primaquine endocytosis to 
a great degree and in chlorpromazine and vinblastine endo- 
cytosis to a lesser extent. 

While we were monitoring endocytosis morphologically, it 
quickly became apparent that the stomatocytosis (Fig 1) that 
invariably precedes the endocytosis was blocked by vanadate. 
We confirmed the fact that vanadate at the concentrations 
used (2 to 100 pmol/L) did not cause echinocytosis.”” 
Therefore, its action in blocking the stomatocytic shape 
change was not to produce a conflicting or neutralizing shape 
alteration. We then addressed the question of whether 
vanadate blocked all forms of stomatocytosis or only those 
produced by cationic amphipaths. The stomatocytosis pro- 
duced by pH 5 buffers was not inhibited by vanadate. The 
next question was whether vanadate would inhibit all forms 
of amphipath-induced shape change. Vanadate did not 
inhibit the echinocytosis produced by incubation of intact 
RBCs with lysophosphatydlcholine. 

The use of vanadate indicates that all forms of stomatocy- 
tosis do not proceed by identical mechanisms because acid 
pH stomatocytosis is not blocked by vanadate but cationic 
amphipath-induced stomatocytosis is. The initial description 
of the bilayer couple hypothesis suggested that amphipath- 
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produced stomatocytosis and echinocytosis were, in a sense, 
mirror images, with the charge of the amphipath passively 
determining its localization in the lipid bilayer and thus the 
site of membrane expansion." Our studies show, however, 
that micromolar amounts of vanadate (metavanadate and 
vanadyl)” block the RBC stomatocytic shape change pro- 
duced by cationic amphipaths but not lysophosphatydlcho- 
line-induced echinocytosis. A possible explanation for this 
difference comes from recent data indicating that spin- 
labeled phospholipids may assume their transbilayer assy- 
metric distribution in resealed RBC ghosts by a mechanism 
using Mg-ATP and blocked by 1 to 2 pmol/L of vanadate.” 
In intact RBCs, Mg-ATP is required to translocate amino- 
phospholipids to the inner half of the bilayer.” Thus, vana- 
date could block Mg-ATP-mediated translocation of 
cationic amphipaths to the inner half of the bilayer. Against 
this proposal are the data in Table 6 indicating that vanadate 
does not inhibit the passage of such drugs through the 
membrane, during which time they would have access to the 
inner half of the bilayer. Mg-ATP-induced translocation of 
drug would only be involved if such drugs passed through the 
membrane in sealed channels and if their subsequent access 
from cytosol to the inner half of the bilayer was blocked by 
the cytoskeleton. 

These studies indicate that it is not the presence of ATP 
but ATP hydrolysis, reversibly blocked by vanadate, that 1s 
required for certain forms of stomatocytosis and endocytosis 
in RBCs and endocytosis in ghosts. It is not proven that RBC 
and ghost endocytosis proceed by identical mechanisms, but 
the vanadate inhibition of both, at similar concentrations, 
suggests that the two are related. The pathways by which the 
hydrolysis of ATP leads to these morphologic changes must 
be determined. 
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Mechanism of Human Platelet Activation by Endotoxic Glycolipid-Bearing 
Mutant Re595 of Salmonella minnesota 


By Sheila Timmons, Huzoor-Akbar, Jadwiga Grabarek, Marek Kloczewiak, and Jacek Hawiger 


The mechanism through which human blood platelets 
interact with gram-negative bacteria with well-defined 
structural variations in endotoxic lipopolysaccharide was 
studied. Secretion of "C-serotonin and aggregation of 
platelets separated from plasma proteins were observed 
on challenge with rough mutant Re595 of Salmonella 
minnesota possessing a glycolipid outer layer composed of 
Lipid A and 2-keto-3-deoxyoctonate (KDO) but lacking 
heptose phosphate in the core and O-polysaccharide in its 
outer portion. Both “C-serotonin secretion and platelet 
aggregation were concentration-dependent, with a half- 
maximum response at the ratio of one bacterial colony- 
forming unit (CFU) to two platelets. The aggregation of 
human platelets induced by mutant Re595 was divalent 
cation-dependent and required secretion of ADP and fibrin- 
ogen from platelet storage granules because it was inhib- 
ited by chelators, by the ADP-splitting enzyme apyrase, 
and by monospecific antifibrinogen Fab fragments. The 
synthetic peptide analog of the platelet receptor recogni- 
tion site on the ¥ chain of fibrinogen, y 400-411, inhibited 
platelet aggregation induced by mutant Re595 (IC,, 160 
pmol/L), whereas serotonin secretion was unaffected. 
Tetrapeptide, RGDS, analogous to human fibrinogen « 
chain (a 572-575) and to the cell adhesion site of fibronec- 
tin, also inhibited aggregation induced by mutant Re595 
(IC, 60 pmol/L). Secretion of "C-serotonin was preceded 
by a very rapid phosphorylation of a platelet protein of mol 
wt 47,000, which is associated with protein kinase C 


RAM-NEGATIVE bacteria have many cellular tar- 
gets, including blood platelets, granulocytes, mono- 
cytes, lymphocytes, erythrocytes, and endothelial cells."* 
Some of the effects of gram-negative bacteria contribute to 
the development of intravascular coagulation and septic 
shock, and it is estimated that ~71,000 patients per year in 
the United States develop gram-negative bacteremia, result- 
ing in 18,000 deaths? Bacteremia due to endotoxin-produc- 
ing gram-negative rods is frequently complicated by throm- 
bocytopenia.*’ Therefore, several attempts have been under- 
taken during the past years to establish in vitro evidence that 
human platelets interact with isolated endotoxic lipopolysac- 
charide. In contrast to rabbit platelets, which uniformly 
respond in vitro to isolated bacterial endotoxin? human 
platelets have shown varying responses. Although studies 
have shown that secretion of serotonin from human platelets 
was induced by endotoxic lipopolysaccharide extracted by 
Boivin's method? and copper salt-treated endotoxin caused 
aggregtion of human platelets,!°"! other studies were unable 
to demonstrate an interaction between isolated endotoxin 
and human platelets.? Most of the previous experiments 
with human platelets used endotoxic lipopolysaccharides 
extracted from gram-negative bacteria. These cell-free prep- 
arations may have different properties than the "native" 
form of cell wall-bound endotoxic lipopolysaccharide. More- 
over, it is unclear which part of endotoxic lipopolysaccharide 
is responsible for the interaction of gram-negative bacteria 
with human platelets. 
Endotoxic lipopolysaccharide of Salmonella and other 
q 
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activation. Myosin light chain (mol wt 20,000} was also 
phosphorylated. Both phosphoproteins were dephosphory- 
lated while secretion was reaching maximum. Further- 
more, release of *H-arachidonic acid from platelet phos- 
pholipids and generation of thromboxane B; via the 
cyclooxygenase pathway were observed. Inhibition of this 
pathway with acetylsalicylic acid (10 ^ mol/L) or indo- 
methacin (5 x 10^* mol/L) reduced “C-serotonin secretion 
and platelet aggregation. The role of Lipid A in the interac- 
tion of mutant Re595 with human platelets was deduced 
from the inhibitory effect of the Lipid A-binding protein 
present in Limulus amebocyte lysate. Likewise, polymyxin 
B, known to complex with Lipid A, was inhibitory. The 
reactivity of mutant Re595 toward platelets was attenu- 
ated by mild acid hydrolysis, during which KDO was disso- 
ciated from the glycolipid, and by alkaline hydrolysis, which 
breaks ester-linked fatty acids in Lipid A. In contrast to 
mutant Re595, strain S218 of S minnesota bearing "com- 
plete” endotoxic lipopolysaccharide did not induce 
secretion and aggregation of human platelets. The oligo- 
saccharide fraction obtained from this strain inhibited 
platelet secretion of serotonin and aggregation caused by 
mutant Re595. These results indicate that an intact Lipid 
A-KDO structure in the rough mutant Re595 participates in 
the interaction with the platelet membrane and triggers 
more than one pathway of platelet activation. 
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gram-negative bacteria is composed of complex polysaccha- 
ride subunits covalently linked to Lipid A.” The polysaccha- 
ride is typically composed of two distinct parts, the core and 
the chains of O-polysaccharides. The core contains an unu- 
sual sugar, 2-keto-3-deoxyoctonate (KDO),' in addition to 
N-acetylglucosamine, glucose, galactose, heptose phosphate, 
and ethanolamine. Whereas O-polysaccharide subunits 
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determine the immunologic specificity of endotoxin, Lipid A 
appears to be responsible for many of its biologic effects, 
most notably, pyrogenicity, lethal toxicity, mitogenic stimu- 
lation of lymphocytes, macrophage activation, Hageman 
factor and complement activation, and induction of Limulus 
amebocyte lysate gelation.?!>'5 

The rough mutant Re595 of S minnesota is known to 
possess a glycolipid composed of Lipid A and KDO but to 
lack core oligosaccharides and O-polysaccharide side chains 
due to a deficiency of specific enzymes present in smooth 
organisms.'* The smooth strains of gram-negative bacteria 
undergo spontaneous transformation into polysaccharide- 
deficient rough variants in culture, especially when antibod- 
ies directed against somatic O antigens are present in the 
medium." A Lipid A-like substance reappears in the circula- 
tion 24 hours after injection of endotoxin into baboons, and 
significant amounts of material cross-reacting with Lipid 
A-antiserum appear in the urine." An endotoxin-like mate- 
rial has been detected by the Limulus amebocyte lysate 
assay in the serum of patients with gram-negative bacterial 
urinary tract infections whose blood cultures were negative." 
It is likely that these measurements detected bacterial cell 
wall fragments bearing Lipid A-containing material which 
may also be reactive with platelets. In our study, the whole 
cells of rough mutant Re595 were compared with the smooth 
organism, strain S218. These bacteria, with a well-defined 
endotoxin composition, allowed us to establish the structural 
requirements for endotoxin's interaction with human plate- 
lets and the pathways of activation of human platelets by a 
cell wall-associated glycolipid composed of a Lipid A-KDO 
complex. 


MATERIALS AND METHODS 


Preparation of human platelets separated from plasma proteins 
for secretion and aggregation studies Blood was obtained from 
healthy volunteers who had not taken aspirin or any other medica- 
tion for the preceding 8 days. Platelet-rich plasma was loaded with 
C-serotonin (0.1 uCi/2mL, New England Nuclear, Boston) and 
platelets, labeled with '*C-serotonin, were then separated from free 
amine and from plasma by combined albumin gradient centrifuga- 
tion and Sepharose 2B gel filtration using modified Tyrode's buffer 
without phosphate and calcium, pH 7.35." Secretion of serotonin 
was measured in the presence of imipramine (1.5 ug/mL) with 
continuous stirring at 900 rpm at 37°C according to previously 
described procedures," except that the reaction was stopped by 
chilling the platelets and adding 0.3% p-formaldehyde and 2 mmol/ 
L of EDTA.” 

Aggregation studies were done at 37 °C with stirring according to 
the method of Born,” using a Payton Dual-Channel Aggregometer 
(Payton Association, Buffalo). The aggregometer baseline (10%) 
was set using Tyrode's buffer and bacterial suspension as described 
previously.? Aggregation was measured using percentage of maxi- 
mum transmission (Tma) and slope value which represented the 
change in 1 minute along a tangent line to the steepest increase in 
light transmission 

Preparation of anti-human fibrinogen Fab fragments. The anti- 
serum prepared from rabbits immunized with human fibrinogen 
(Kabi, Sweden) was passed through a fibrinogen-Sepharose 4B 
affinity column as previously described.” The Fab fragments were 
prepared according to the procedure of Porter? and purified as 
previously described.” 
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Preparation of synthetic peptides Synthetic peptide analogs of 
the platelet receptor recognition site on human fibrinogen y chain, 
NH;-His-His-Leu-Gly-Gly-Ala-Lys-Gln-Asp-Val-COOH (y 400- 
411), and of the cell adhesion site on fibronectin and the æ chain of 
human fibrinogen, NH.-Arg-Gly-Asp-Ser-COOH (a 572-575)” 
were prepared as previously described.” Acetylation of the synthetic 
peptide 400—411 was done as described elsewhere.” 

Phosphorylation of human platelet proteins Phosphorylation 
of human platelet proteins was studied according to the method of 
Lyons and co-workers” with the following modifications. Human 
platelets, separated from plasma proteins as above, were incubated 
with ?PO, (50 uCi/mL) for 60 minutes at room temperature 
without stirring After removal of free ?PO, by Sepharose 2B gel 
filtration, the platelets were challenged with bacteria for various 
incubation times at 37°C with stirring. Control samples were 
incubated with buffer. The incubation mixture was immediately 
placed in an ice bath to stop the reaction and spun down in a 
microcentrifuge Platelet pellets were solubilized in 20 „L of 5% 
sodium dodecyl sulfate (SDS) in 0.15 mol/L of NaCl and an equal 
volume of Laemmli solubilizing solution?" and 2-mercaptoethanol 
(final concentration 10%). Samples were boiled for 2 minutes and 
applied to SDS-containing polyacrylamide gradient (5% to 15%) 
slab gels for electrophoresis according to the method of Laemmli.” 
Molecular weight markers (BioRad, Richmond, Calif) were run 
simultaneously. The gels were stained with 0.25% Coomassie bril- 
liant blue R, 45% methanol in 10% acetic acid, and subsequently 
destained using 7% methanol in 10% acetic acid The gels were dried 
on BioRad filter paper, exposed to Kodak (Rochester, NY) X- 
Omat-AR film using a Cronex lighting plus intensifying screen 
(Dupont, Wilmington, Del), and developed in a Kodak RPX-Omat 
processor. The autoradiographs were scanned at 600 nm using 
Response spectrophotometer (Gilford, Oberlin, Ohio) equipped with 
gel scan accessories and software that allowed quantitation of the 
integrated area under the peak.” 

Measurement of release of '“C-arachidonic acid from platelet 
Phospholipids. Release of arachidonic acid from platelet phos- 
pholipids was measured according to the method described by Bills 
and colleagues” Twenty milliliters of platelets separated from 
plasma proteins, prepared as described above, were incubated at 
37 °C for 2 minutes, and 60 uL (0 3 wCi) of "C-arachidonic acid was 
added. The sample was incubated at 37°C for 1 hour without 
stirring The reaction was stopped with EDTA, and unincorporated 
VC-arachidonic acid was removed by gel filtration. One-milliliter 
aliquots of '*C-arachidonic acid-labeled platelets were incubated, 
either with 0.5 U thrombin or 200 ug of freeze-dried mutant Re595 
of S minnesota or smooth strain S218 for 5 minutes with continuous 
stirring Control samples were incubated with buffer. After incuba- 
tion, 2.67 mL of EDTA (01 mol/L) was added to each tube, and 
subsamples were taken for radioactivity count. The radiolabeled 
phospholipids were extracted and chromatographed on a column 
(1 x 17 cm) containing 0.5 g of activated silicic acid on a glass wool 
plug.” Release of arachidonic acid from platelet phospholipids was 
calculated as the difference between the radioactivity counts in 
control and test samples of platelet phospholipids. 

Measurement of metabolites of ?H-arachidomc acid in human 
platelets by high-pressure liquid chromatography (HPLC). After 
platelets were labeled with ?H-arachidonic acid and separated from 
plasma proteins, they were incubated with S minnesota Re595 or 
with thrombin and analyzed for free arachidonic acid and its 
metabolites such as cyclooxygenase products (thromboxane B;, 
PGE,, PGD;, and PGF,,), 12-L-hydroxy-5,8,10-heptadecatrienoic 
acid (HHT) and 12-L-hydroxy-5,8,10,14 eicosatetranoic acid 
(HETE) by HPLC according to the procedure of Russell and 
Deykin.? Results were expressed as *H-arachidonic acid-derived 
radioactivity or as percentage of total radioactivity in the sample. 


HUMAN PLATELETS AND GRAM-NEGATIVE BACTERIA 


Measurement of lactate dehydrogenase leakage from human 
platelets. Lactate dehydrogenase (EC 11127) was measured 
according to Bergmeyer and Bernt.” Results are expressed as 
percentage of tota] enzyme activity present in a platelet suspension 
lysed with 0.1% Triton X-100 (Sigma, St Louis) 

Preparation of bacteria. The S218 strain of S minnesota and its 
rough mutant Re595 (kindly provided by Dr G Schmidt, Max- 
Planck Institute for Immunobiology, Freiburg-Zahringer, FRG) 
were grown overnight in heart infusion broth. The cultures were 
centrifuged at 1,200 g for 15 minutes, the supernatant was 
discarded, and the bacteria were suspended in saline. The bacteria 
were incubated in a 60°C water bath for 30 minutes. These 
heat-killed bacteria were centrifuged at 1,200 g for 15 minutes, and 
the pellet was washed twice with saline and once with distilled water 
Finally, bacteria were freeze-dried; fresh suspensions were prepared 
on the day of experiment. The viable count was determined in the 
bacterial suspension before it was heated at 60 °C, and 1 mg of final 
freeze-dried bacterial preparations contained an equivalent of 10! 
colony-forming units (CFUs) of strain S218 and 3 x 10? CFUs of 
mutant Re595. 

Hydrolysis and measurement of KDO associated with mutant 
Re595. Dry bacteria (50 mg, mutant Re595) were washed twice 
with 7 mL of 0 17 N acetic acid and suspended in 7 mL of 0.17 N 
acetic acid. The suspension was heated to 100 °C in a boiling water 
bath for various times, up to 90 minutes.” After centrifugation, the 
supernatant and the pellet were collected, the pellet was washed 
twice with distilled water, and then both the supernatant and the 
pellet were freeze-dried. The thiobarbituric acid method? was used 
to measure KDO in the reconstituted supernatant and pellet. 

Limulus gelation assay for endotoxic lipopolysaccharide. Cell 
wall endotoxic lipopolysaccharide in suspensions of S minnesota was 
measured by a modified method of Levin.” The bacterial suspen- 
sions were diluted in pyrogen-free water to obtain a concentration of 
5 ug/mL and then mixed 1:10 (vol/vol) with Limulus amebocyte 
lysate (0.5 EU/mL). Pyrogen-free water mixed 1:10 with Limulus 
amebocyte lysate was used as a reference The reaction was 
measured 1n a Gilford Response spectrophotometer at the wave- 
length of 360 nm at room temperature for 60 minutes. The rate of 
reaction was measured as a slope value representing the change in 
absorbance in 1 minute by drawing a tangent lie to the steepest part 
of the absorbance tracing 

Modifications of Lipid A in mutant Re595 of S minnesota Al- 
kaline hydrolysis of ester-linked fatty acids of Lipid A of mutant 
Re595 was done according to the method of Beckman.? In brief, 
bacterial cells (20 mg/mL) were suspended in water to which an 
equal volume of 0.2 N NaOH was added. The suspension was 
incubated at 37 °C for 30 minutes and centrifuged at 1,200 g for 10 
minutes, and the pellet was washed twice with distilled water and 
lyophilized. Treatment of mutant Re595 with polymyxin B was done 


Fig 1 Time course of aggregation of human 
platelets challenged with mutant Re595 of Salmonella 
minnesota as compared with strain S218 and control 
buffer without bacteria. Bacteria (100 ug/mLl) or 
buffer were added at time zero to platelet suspension 
(2 x 10°/mL) free of plasma proteins. After 10-minute 
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according to the method of Morrison and Jacobs ** Polymyxin B 
sulfate, 15 mg, sterile powder (Burroughs Wellcome, Research 
Triangle Park, NC), was added to 2 mg S minnesota Re595 
suspended in 1 mL of H;O, incubated at room temperature for 30 
minutes, and dialyzed against H,O for 2 hours with frequent 
changes of H,O Neutralization of mutant Re595 with Limulus 
amebocyte lysate (Pyrotell, 05 EU U/mL, Cape Cod Associates, 
Woods Hole, Mass) was done by mixing 50 uL of suspension of 
mutant Re595 (2 mg/mL) in Tyrode's buffer, with 50 uL of 
Limulus amebocyte lysate for 10 minutes at room temperature 
without stirring. The bacteria were then washed once with Tyrode's 
buffer, suspended in 50 uL of Tyrode's buffer, and then added to 
platelets in the aggregometer 

Reagents. Acetylsalicylic acid (aspirin) and indomethacin USP 
were obtained from Merck, Sharp, and Dohme (West Point, Pa); 
hirudin from Sigma (St Louis); bovine thrombin (topical) from 
Parke Davis (Morris Plains, NJ), '^C-serotonin, “C-arachidonic 
acid, and ?H-arachidonic acid were purchased from New England 
Nuclear; and Limulus Amebocyte Lysate (Pyrotell, 0.5 EU/mL) 
from Cape Cod Associates. Apyrase (grade I, Sigma) was purified 
and assayed according to the procedure of Traverso-Cor and 
co-workers.” 


RESULTS 


Activation of human platelets induced by rough mutant 
Re595 but not by the smooth strain S218 of S minnesota. 

On addition of gram-negative bacteria to a suspension of 
human platelets, which were free of plasma proteins, two 
patterns of interaction were observed. Rough mutant Re595 
induced aggregation and secretion of 'C-serotonin, which 
reached 55% at 10 minutes. When the smooth strain S218 
was added, no response from platelets was observed (Fig 1). 
Platelet aggregation and secretion of 'C-serotonin induced 
by mutant Re595 were concentration-dependent. The effec- 
tive concentration of mutant Re595 that induced a half- 
maximal response (ECs) was 25 pg/mL, which roughly 
corresponds to one bacterial CFU per two platelets (Fig 2). 
Smooth strain S218 remained without measurable effect 
over a wide range of concentrations. Secretion of serotonin 
induced by mutant Re595 was not accompanied by lysis of 
platelets because lactate dehydrogenase, a cytoplasmic 
marker, was not significantly increased at the end of the 
incubation period (9.2% + 1.5% v control 4.8% + 0.8%). 

Role of platelet endogenous ADP and fibrinogen in aggre- 
gation induced by mutant Re595. The aggregating effect 
of mutant Re595 on human platelets separated from plasma 
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incubation at 37 °C with stirring, secretion of “C- ] 
serotonin was measured as described in the Materials 
and Methods section. 
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PERCENT OF /SC- SEROTONIN SECRETION OR 
PLATELET AGGREGATION (Tmax) 














CONCENTRATION OF BACTERIA (pg/ml) 


Fig 2. Concentration-dependent induction of ™“C-serotonin 
secretion (€) and platelet aggregation (O) by mutant Re595 of 
Salmonella minnesota as compared with smooth strain S218 (lil, 
O). Bars represent + SEM of three experiments. 


proteins raised the question of whether this process was 
dependent on endogenous ADP, stored in platelet dense 
granules and secreted along with serotonin. Addition of the 
ADP-splitting enzyme apyrase inhibited aggregation of 
platelets in a concentration-dependent manner, thus indicat- 
ing the role of secreted ADP in plateletaggregation (Fig 3). 

The participation of platelet fibrinogen secreted from 
a-granules in aggregation of platelets induced by Re595 was 
examined using anti-human fibrinogen Fab antibody frag- 
ments. Monovalent Fab fragments were previously shown to 
inhibit thrombin-induced aggregation of human platelets 
separated from plasma proteins. Anti-fibrinogen Fab 
caused concentration-dependent inhibition of platelet aggre- 
gation. At 40 „mol/L, Fab fragments inhibited platelet 
aggregation by 60% whereas secretion of !^C-serotonin 
remained unaffected (90% of. control). 


80 
70 
60 
50 
40 
30 [- 


20 - o 


PLATELET AGGREGATION (SLOPE VALUE) 








o 018 036 054 072 120 


CONCENTRATION OF APYRASE (UNITS) 


Fig 3. Apyrase inhibition of platelet aggregation induced by 
mutant Re595. Purified apyrase was added to platelets 2 minutes 
prior to challenge with bacteria (100 ug/mL). Other conditions as 
in Fig 1. Data represent one of three experiments. 
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The role of platelet fibrinogen in aggregation of human 
platelet$ induced by mutant Re595 was substantiated fur- 
ther by using synthetic peptide analogs of fibrinogen sites 
present on the y and æ chains of human fibrinogen and 
involved in interaction with platelet receptors.” As shown in 
Fig 4, the peptide analog of the human fibrinogen y chain (y 
400—411)? blocked platelet aggregation induced by mutant 
Re595 with 50% inhibition (IC4) at 160 umol/L. The 
acetylated form of the same peptide, which 1s not inhibitory 
toward fibrinogen receptor on human platelets,” had no 
effect on platelet aggregation (results not shown). The 
synthetic peptide analog of the site on the a chain of human 
fibrinogen (œ 572—575) and of the cell adhesion site of 
fibronectin” also inhibited platelet aggregation with IC, of 
60 umol/L. Neither synthetic peptide inhibited secretion of 
serotonin induced by mutant Re595. These experiments 
indicate that platelet aggregation induced by mutant Re595 
involves the interaction of platelet fibrinogen with receptors 
that are blocked by synthetic peptides known to inhibit 
binding of exogenous plasma fibrinogen. 

Role of divalent cations. Addition of 5 mmol/L of 
EDTA or 5 mmol/L of EGTA to the incubation mixture of 
platelets and bacteria abolished the aggregation response of 
platelets, whereas secretion of 'C-serotonin was 39% and 
43%, respectively, as compared with a control of 57% (Fig 5). 
When Mg”* EGTA (5 mmol/L) was used to chelate calci- 
um, while magnesium was maintained at the physiologic 
level,” aggregation was reduced (Tmax 13 v 40 in control; 
slope value 2 v 9 in control) and secretion of '"C-serotonin 
was 33% v control 59%. 

Because the function of platelet membrane glycoproteins 
IIb and IIIa depends on calcium, its chelation for 1 hour at 
37 °C leads to irreversible modification of the glycoprotein 
heterodimer."'^! After incubation of platelets with 5 mmol/L 
of EDTA or 5 mmol/L of EGTA under such conditions, the 
aggregation response was abolished, whereas secretion of 
'4C-serotonin was only moderately reduced to levels similar 
to those observed in the previous experiments (3795 with 
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Fig 4. Inhibitory effect of synthetic peptide analogs on aggre- 
gation of human platelets induced by mutant Re595 of Salmonella 
minnesota. Synthetic peptide analog of human fibrinogen Y chain 
cell adhesion site (y 400-411) (O——O) or tetrapeptide RGDS 
analogous to cell adhesion site of fibronectin and human fibrinogen 
« chain (a 572-575) (@—@) were added to human platelets 2 
minutes before challenge with bacteria (100 ug/mL]. Other condi- 
tions as in Fig 1. Cumulative data points from three different 
experiments. 
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Fig 5. The effect of EDTA and EGTA on platelet 
aggregation and secretion of '"C-serotonin induced by 
mutant Re595. EDTA or EGTA (5 mmol/L) was mixed 
with the platelet suspension 1 minute prior to addition 
of mutant Re595 (arrow). Other conditions as in Fig 
1. 


LIGHT TRANSMISSION (94) 


chelators v 47% in the control). Preincubation of mutant 
Re595 with the same chelators did not affect the mutant's 
ability to induce aggregation of human platelets and 
secretion of '"C-serotonin. These results indicate that only 
the aggregation response of human platelets induced with 
mutant Re595 is prevented by chelation of divalent cations, 
primarily calcium, and that secretion of serotonin is main- 
tained even under conditions that lead to irreversible modifi- 
cation of the platelet membrane complex of glycoproteins Hb 
and Ila. 

Phosphorylation of platelet proteins induced by mutant 
Re595. Stimulation of platelets includes protein kinase C 
activation manifested by phosphorylation of a 47-kd protein 
in platelets, myosin light chain kinase activation resulting in 
phosphorylation of the 20-kd light chain of myosin, and 
cyclooxygenase activity resulting in transformation of ara- 
chidonic acid into thromboxane A, through prostaglandin 
endoperoxides (PGG, and PGH,).” These pathways were 
examined in human platelets after challenge with S minneso- 
ta. Mutant Re595 induced phosphorylation of a 47-kd 
protein with relatively more radiolabel incorporation than in 
à 20-kd protein (Fig 6). The phosphorylation of both 47-kd 
and 20-kd proteins was rapid, reaching a peak between 60 
and 120 seconds, and was followed by dephosphorylation of 
both proteins. During this period, secretion of C-serotonin 
was continuously increasing even at 15 minutes (Fig 7). 
Under the same experimental conditions, the smooth strain 
$218 of S minnesota did not induce phosphorylation of the 
47-kd and 20-kd proteins above the level observed in control 
preparation with buffer. 

Prostaglandin pathway stimulation by mutant Re595. 

When the involvement of the prostaglandin pathway was 
examined, we observed that mutant Re595 induced release 
of 7.7% + 1.4 (SEM) of "C-arachidonic acid from the 
prelabeled platelet phospholipid pool, whereas the smooth 
strain S218 caused 1.3% + 0.4% release and control (buffer) 
0.9% + 0.2%. In subsequent experiments using HPLC for 
measurement of radiolabeled arachidonic acid metabolites, 
mutant Re595 induced release of 9% of total *H-arachidonic 
acid incorporated into the platelet phospholipid pool. Release 
of *H-arachidonic acid was time-dependent and was paral- 
leled by secretion of “C-serotonin. The arachidonic acid 
released from the platelet phospholipid pool constituted 53% 
of the total pool of released radiolabeled products. Among 
the remaining metabolites of *H-arachidonic acid, products 
of cyclooxygenase activity (thromboxane B,, PGD,, PGE,, 
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PGF,,, and HHT) constituted 20%, malonyldialdehyde con- 
stituted 5%, products of lipooxygenase activity (HETE) 
constituted 10%, and an unidentified radioactive fraction 
eluting after the arachidonic acid peak constituted 12%. Fhis 
pattern of distribution of *H-arachidonic acid metabolites 
was similar to that induced by thrombin (0.5 U/mL) except 
that half as much HETE production was observed in plate- 
lets stimulated with mutant Re595. 

When acetylsalicylic acid (107^ mol/L) was added to 
platelets prior to challenge with mutant Re595, generation of 
cyclooxygenase products and malonyldialdehyde was com- 
pletely suppressed. This inhibition was paralleled by the 
inhibition of ""C-serotonin secretion. Another nonsteroidal 
antiinflammatory agent, indomethacin (5 x 10°*), also 
reduced secretion of "C-serotonin. Hirudin (2 U/mL), while 
completely blocking the thrombin-induced activation of 
platelets, remained without effect on changes induced by 
mutant Re595. 

Involvement of core glycolipid in the activation of human 
platelets by mutant Re595. Because the structure of "in- 
complete" lipopolysaccharide in mutant Re595 is well estab- 
lished as being composed of Lipid A and KDO,? experiments 
were designed to examine the role of these constituents of 
glycolipid in its interaction with human platelets. Lipid A is 
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Fig 6. Phosphorylation of human platelet proteins induced by 
mutant Re595 of Salmonella minnesota (125 pg/mL). "P-Labeled 
platelets were stirred at 37 °C with buffer, lane 1; or with mutant 
Re595 for 30 seconds, lane 2; 60 seconds, lane 3; 2 minutes, lane 4; 
5 minutes, lane 5; and 15 minutes, lane 6. P47 represents protein 
of mol wt 47,000; P20 represents myosin light chain. 
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known to form complexes with an extract of amebocytes 
obtained from the horseshoe crab, Limulus polyphemus.? 
As shown in Table 1, mutant Re595 complexed with Limulus 
extract lost its proaggregatory activity toward human plate- 
lets, indicating that cell wall-bound Lipid A in mutant Re595 
is involved in its interaction with the platelet membrane. 
Likewise, secretion of 'C-serotonin was inhibited. Further- 
more, polymyxin B, another inhibitor known to form a 
complex with Lipid A and inhibit its toxic effect,** decreased 
the aggregation of human platelets and secretion of '*C- 
serotonin by mutant Re595 (Table 1). 

Mild acid hydrolysis used to modify the glycolipid mark- 
edly reduced the ability of mutant Re$95 to induce secretion 
of serotonin and aggregation (Fig 8A and B). This was 
accompanied by a decrease in the concentration of KDO 
associated with bacteria as measured by the thiobarbituric 
acid assay. A corresponding increase of free KDO in the 
supernatant during acid hydrolysis of mutant Re$95 was 
observed. Alkaline hydrolysis of ester-linked fatty acids in 
Lipid A of mutant Re595 also abolished its platelet activat- 
ing effect (results not shown). 

Inhibitory effect of oligosaccharides. Whereas the 
rough mutant S minnesota Re595 induced secretion of 
"C-serotonin and aggregation of human platelets, the 
smooth strain S minnesota S218 was inactive (Figs | and 2). 
Because the main difference between these two strains 
involved the core oligosaccharide and O-polysaccharide side 
chains, this portion of the lipopolysaccharide structure was 
removed from strain S218 by acid hydrolysis. The obtained 
oligosaccharide fraction, when added to platelets that were 
subsequently challenged with mutant Re595, inhibited plate- 
let aggregation. As shown in Fig 9, this effect was concentra- 


Table 1. Effect of Lipid A Inhibitors on Interaction of Mutant 
Re595 of Salmonella Minnesota With Human Platelets 








inhibitor Added Platelet Aggregation — '^C-Serotonin Secretion 
to Mutant Re595 (T, /Slopel (96) 
Buffer (control) 55/33 77 
Limulus amebocyte lysate 0/0 12 
Polymyxin B 5/1 39 
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Fig 7. Time course of phosphorylation of platelet 
protein of mol wt 47,000 (P47, €——€) and myosin 
light chain (P20, lI — Il) as compared with secretion 
of "C-serotonin (O---O) induced by mutant Re595 
(125 pg/mL}. Percentage of maximum integrated 
peak area used to express degree of *?po, incorpora- 
tion as a measure of phosphorylation refers to the 
maximal value attained by phosphorylated P47 at 1 
minute. Data points were obtained after subtracting 
the phosphorylation values in the control system 
containing platelets and buffer. The vertical bars 
represent + SEM of four experiments. Secretion of 
VC-serotonin was measured in parallel using a plate- 
let preparation not labeled with 9 po, The vertical 
bars represent + SEM of eight experiments. 
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tion-dependent, and 5076 inhibition of platelet aggregation 
was observed at 18 ug/mL of the oligosaccharide fraction. 
Secretion of ""C-serotonin induced by Re595 was also inhib- 
ited by the oligosaccharide fraction but at a higher concen- 
tration (50% inhibition was observed at 240 ug/mL). Simi- 
larly, the oligosaccharide fraction obtained from isolated 
lipopolysaccharide S minnesota 9700 (Difco) inhibited 
platelet aggregation and secretion of '*C-serotonin induced 
by mutant Re595 (results not shown). Thus, oligosaccha- 
rides derived from compiete endotoxic lipopolysaccharides 
are capable of interfering with cell wall-bound glycolipid 
reactivity toward human platelets. 


DISCUSSION 


Endotoxic lipopolysaccharide is known to have multiple 
interactions with the complement system,’ cross-reactive Re 
antibodies," the kinin system, and high-density lipopro- 
teins. Therefore, our experiments were done in a plasma- 
free system in order to dissect the direct effects of gram- 
negative bacteria on the platelet membrane. Mutant Re595 
was an effective inducer of platelet secretion and aggrega- 
tion, which required fibrinogen secreted from platelet a- 
granules because anti-fibrinogen Fab antibody fragments 
inhibited platelet aggregation. Fibrinogen secreted from 
platelet a-granules or present in plasma is bound to specific 
platelet receptors exposed on the membrane of activated 
platelets, thereby linking two or more platelets together to 
form an aggregate." The exposure of receptors for fibrinogen 
by mutant Re595 required ADP since apyrase prevented 
platelet aggregation. Blockade of fibrinogen receptors with 
synthetic peptide analog corresponding to the sequence of y 
chain 400-4117 and with the synthetic peptide analog 
corresponding to the sequence of a chain 572-575 of human 
fibrinogen and the cell adhesion site of fibronectin™ pre- 
vented platelet aggregation without affecting secretion of 
serotonin. This indicates that fibrinogen secreted from plate- 
let a-granules interacts with the platelet membrane receptor 
for fibrinogen during aggregation induced by mutant 
Re595, 

Our results indicate that activation of human platelets by 
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DURATION OF ACID HYDROLYSIS OF MUTANT Re 595 ( MINUTES) 


Fig 8. Loss of cell wall-bound 2-keto-3-deoxyoctonate (KDO) 
from mutant Re595 during acid hydrolysis and decrease in its 
reactivity toward Limulus amebocyte lysate and toward human 
platelets. Mutant Re595 was subjected to acid hydrolysis for 90 
minutes, during which time samples were obtained and centri- 
fuged to determine residual KDO content of bacterial pellet, free 
KDO content in supernatant and reactivity of bacterial pellet 
toward Limulus amebocyte lysate and human platelets. Panel A: 
KDO content in mutant Re595 (1——QD) and in free supernatant 
(O——O) and reactivity toward platelets as measured by secretion 
of “C-serotonin (6——9). The content of KDO is expressed in 
microgram per milligram of dry weight of Re595 subjected to acid 
hydrolysis. Panel B: reactivity of mutant Re595 toward human 
platelets as measured by their aggregation (O—O) and toward 
Limulus amebocyte lysate (B——JÀl). Data represent one of two 
experiments. 


rough mutant Re595 of S minnesota involves stimulatory 
pathways that are associated with protein kinase C, myosin 
light chain kinase, and cyclooxygenase, and resembles the 
pattern of response evoked by collagen." A hitherto unrecog- 
nized effect of gram-negative bacteria on human platelets is 
phosphorylation of the 47-kd protein. This effect suggests 
that endotoxic glycolipid activates platelet protein kinase C, 
an enzyme stimulated by phorbol ester, a known activator of 
platelets." Recently, activation of protein kinase C in a 
murine macrophage-like cell line by Lipid A, or its precursor 
Lipid X, was reported.” 

The interaction of mutant Re595 with human platelets 
results in generation of free arachidonic acid from platelet 
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Fig 9. Inhibitory effect of oligosaccharide fraction isolated 
from smooth strain S218 of Salmonella minnesota on platelet 
aggregation (O——O) and “C-serotonin secretion (6——9) induced 
by rough mutant Re595. Oligosaccharide fraction obtained after 
acid hydrolysis of smooth strain S218 was added to human 
platelets (2 x 10°/mL) challenged with rough mutant Re595 (100 
ug/mL). Other conditions as in Fig 1. Cumulative data from two 
experiments. 


membrane phospholipids. Conversion of newly generated 
arachidonic acid into endoperoxides and thromboxane A, is 
essential for the functional effects of mutant Re595 because 
cyclooxygenase inhibitors (aspirin and indomethacin) block 
secretion of "C-serotonin by mutant Re595. Apparently, 
stimulation of protein kinase C and myosin light chain kinase 
was not sufficient to cause secretion of C-serotonin when 
the cyclooxygenase pathway was blocked. In such a situa- 
tion, aspirin does not appear to prevent phosphorylation of 
the 47-kd protein (J. Grabarek, S. Timmons, and J. Hawiger, 
unpublished observations). Whether dephosphorylation of 
47-kd and 20-kd proteins was due to the activation of a 
phosphatase(s) remains to be determined. The time course 
indicates that progressive secretion of “C-serotonin in this 
system was accompanied by dephosphorylation of 47-kd 
protein. 

The structural integrity of cell wall-bound glycolipid is 
required for its activating effect on platelets. Acid hydrolysis 
results in a loss of reactivity toward platelets. Although KDO 
is dissociated from Lipid A under such conditions,” other 
changes induced during acid hydrolysis cannot be dis- 
counted. Alkaline hydrolysis cleaves ester-linked lauric, pal- 
mitic, and myristoxy-myristic acids in Lipid A,” resulting in 
the loss of reactivity of mutant Re595 toward platelets. 

Previously, attempts to demonstrate aggregation of 
human platelets by lipopolysaccharide preparations ex- 
tracted from various gram-negative bacteria produced diver- 
gent results.9712535* Our results indicate that association with 
the cell wall, or part of it, endows the glycolipid with the 
ability to exert a functional effect on the human platelet 
membrane. We observed an analogous phenomenon when 
protein A-bearing staphylococci were shown to interact with 
human platelets through the IgG Fc receptor to cause their 
aggregation, whereas isolated protein A (in fluid phase 
containing IgG) did not.” Furthermore, Ginsberg and Hen- 
son? observed that lipopolysaccharide extracted from 
mutant Re595 did not induce secretion of serotonin from 
washed human platelets. It significantly enhanced serotonin 
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secretion when combined with heat-aggregated immuno- 
globulin G or with immune complexes, however.” 

The smooth strain S218 of S minnesota with a complete 
core oligosaccharide structure and with O-polysaccharide 
side chains did not induce human platelet aggregation in 
these studies, although it possesses a cell wall-bound glyco- 
lipid. Oligosaccharide fraction isolated from strain S218 and 
from its lipopolysaccharide was inhibitory toward platelet 
aggregation induced by mutant Re595. Assuming that the 
mol wt of the oligosaccharide is ~3,500, the ICs, for aggrega- 
tion and secretion were 5 umol/L and 69 umol/L, respec- 
tively. This range of concentration is 2 to 3 orders of 
magnitude lower than the concentration of amino sugars 
reported to inhibit platelet aggregation induced by other 
agonists." Saba and colleagues showed that complete 
endotoxic lipopolysaccharides inhibit aggregation of human 
platelets treated with a number of agonists with the excep- 
tion of ristocetin-induced agglutination.’ 

It is apparent from the data presented in this and the 
preceding reports that gram-negative bacteria bear in their 
endotoxic lipopolysaccharide a structure that 1s responsible 
for their interaction with the human platelet membrane to 
induce secretion and aggregation, as exemplified by mutant 
Re595. Whether this structure, comprising Lipid A and 
KDO, is operational in vivo in patients with gram-negative 
bacteremia awaits direct evidence. Specific antibody against 
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Lipid A can gain access to neutralize its toxic effects and 
opsonize Escherichia coli 0111 during in vivo phagocytosis." 
Higher titers of cross-reacting Re antibodies against rough 
mutants of gram-negative bacteria, such as mutant Re595 
used in our study, appeared to protect patients from hemody- 
namic and hematologic derangements complicating gram- 
negative bacteremia.“ 

In conclusion, a mutant of gram-negative bacteria, pos- 
sessing cell wall-bound endotoxic glycolipid composed of 
Lipid A and KDO, is capable of activating human platelets 
through three mechanisms involving cyclooxygenase, protein 
kinase C, and myosin light chain kinase. The secretory 
response of human platelets leads to their aggregation, which 
can proceed in the absence of plasma fibrinogen. This new 
attribute of endotoxic glycolipid associated with the cell wall 
of S minnesota Re595 provides a useful model for further 
study of the structure-function relationship of the proaggre- 
gatory effect of endotoxic glycolipid on human platelets and 
the inhibitory effect of the adjoining oligosaccharides and 
O-polysaccharide side chains. 
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Decrease in Subunit Aggregation of Phosphoribosylpyrophosphate Synthetase: 
A Mechanism for Decreased Nucleotide Concentrations in Pyruvate 
Kinase-Deficient Human Erythrocytes 


By Charles R. Zerez, Neil A. Lachant, and Kouichi R. Tanaka 


Pyruvate kinase (PK)-deficient RBCs have several unex- 
plained metabolic abnormalities, such as decreased con- 
centrations of total adenine nucleotides (AMP, ADP, and 
ATP) and total (oxidized and reduced) nicotinamide ade- 
nine dinucleotide (NAD). Because 5-phosphoribosyl-1- 
pyrophosphate (PRPP) is an intermediate in the synthesis 
of adenine nucleotides and NAD, we investigated PRPP 
synthetase (PRPPS), the enzyme responsible for PRPP 
synthesis. This enzyme is regulated, in part, by changes in 
its state of subunit aggregation. The proportion of aggre- 
gated PRPPS can be altered in vitro by ATP and 2,3- 
diphosphoglycerate (DPG). Because PK-deficient RBCs 
have decreased ATP and increased DPG concentrations, 


YRUVATE KINASE (PK)-deficient RBCs have a 
decreased concentration of adenosine 5’-triphosphate 
(ATP), which is caused by their inability to regenerate ATP 
from ADP due to decreased PK activity.' Diminished ATP 
regeneration in PK-deficient RBCs should cause an accumu- 
lation of ADP or AMP. Because most studies have found no 
consistent increases in ADP and AMP concentration in 
PK-deficient RBCs,’ however, there may be secondary meta- 
bolic defects in addition to PK deficiency. The lack of 
increase in ADP and AMP concentration results in a 
decreased total adenine nucleotide (AMP, ADP, and ATP) 
concentration. Grimes and co-workers? determined the ATP, 
ADP, and AMP concentrations in RBCs from four splenec- 
tomized patients with severe PK deficiency and marked 
reticulocytosis. Using the data of Grimes and co-workers,” 
we calculated that the mean total adenine nucleotide concen- 
trations in their normal, high reticulocyte, and PK-deficient 
RBCs are 119, 137, and 84 umol/100 mL RBCs respec- 
tively. Because the decrease in total adenine nucleotide 
content cannot be attributed to decreased ATP regeneration 
from ADP, it must be due to changes in the rate of synthesis 
or degradation of adenine nucleotides. 

PK-deficient RBCs are also characterized by a marked 
decrease in total (oxidized and reduced) nicotinamide ade- 
nine dinucleotide (NAD) concentration? We recently 
reported that this is caused in part by impaired NAD 
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we examined the state of subunit aggregation of PRPPS in 
RBCs from normal and PK-deficient subjects, using gel 
permeation chromatography. Young normal RBCs have 
more aggregated PRPPS than do older RBCs. In contrast, 
due to their decreased ATP and increased DPG concentra- 
tions, PK-deficient RBCs contain less aggregated PRPPS 
than do RBCs of comparable age without PK deficiency. 
These data suggest that PRPPS should be less active in 
vivo in PK-deficient RBCs. This may play a key role in 
mediating the decreases in total adenine nucleotide and 
total NAD concentrations in these RBCs. 

e 1986 by Grune & Stratton, Inc. 


synthesis due to decreased ATP regeneration) Because 
NAD synthesis requires several metabolites in addition to 
ATP, however, the unavailabilty of any one of these metabo- 
lites may also contribute to decreased total NAD concentra- 
tion in PK-deficient RBCs. 
5-Phosphoribosyl-l-pyrophosphate (PRPP) is an interme- 
diate that ıs required for the synthesis of adenine nucleotides 
from adenine via the salvage pathway‘ and for the synthesis 
of NAD from nicotinic acid.? PRPP is synthesized from ATP 
and ribose-5-phosphate in a reaction catalyzed by PRPP 
synthetase (PRPPS), an enzyme with complex regulatory 
properties that include feedback inhibition by several nucleo- 
tides that require PRPP for their biosynthesis (eg, NAD and 
ADP).*’ Human RBC PRPPS is a multimeric enzyme that 
exists in various states of subunit aggregation ranging in mol 
wt between 65,000 (2 subunits) and 1,040,000 daltons (32 
subunits).*'° PRPPS subunit aggregation is dependent on 
several compounds: ATP, ADP, AMP, PRPP, and Mg?* 
promote association of PRPPS subunits, whereas 2,3-diphos- 
phoglycerate (DPG) promotes their dissociation.^'? Because 
disaggregated forms of PRPPS (1, 2, 4, and 8 subunits) have 
<4% of the activity of aggregated forms (16 and 32 
subunits), in vivo PRPPS activity should be regulated by 
the association and dissociation of its constituent subunits. 
Because PK-deficient.RBCs have a decreased concentra- 
tion of ATP and an increased concentration of DPG, we 
examined PRPPS in these RBCs to determine whether it 
plays a role in the decrease in total adenine nucleotide and 
total NAD concentrations. Our initial studies did not demon- 
strate a significant difference in PRPPS activity in crude 
hemolysate from normal, high reticulocyte, and PK-deficient 
RBCs. Therefore, we examined the state of PRPPS subunit 
aggregation in hemolysates from PK-deficient RBCs to 
determine if in vitro modifiers of PRPPS subunit aggrega- 
tion (ie, ATP and DPG) have the same effects in vivo. The 
evidence presented in this report suggests that PRPPS 
subunits are in a relatively less aggregated state in PK- 
deficient RBCs due to the increased DPG and decreased 
ATP concentrations in these cells. We propose that the 
resulting in vivo decrease in PRPPS activity may be a 
primary cause of decreased total adenine nucleotides and a 
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contributing cause of decreased total NAD in PK-deficient 
RBCs. 


MATERIALS AND METHODS 


Materials Sephadex G-200 was purchased from Pharmacia 
Inc, Piscataway, NJ. All other reagents were purchased from Sigma 
Chemical Co, St Louis 

Methods. After informed consent was obtained, blood was 
obtained by routine venipuncture from persons with PK deficiency 
and anticoagulated with heparin (15 U/mL of whole blood). Blood 
from normal subjects and from persons with autoimmune hemolytic 
anemia (AIHA) or hemolytic anemia of unknown etiology (HA) 
served as appropriate controls. The separation and washing of 
erythrocytes have been described previously " Hemolysates were 
prepared by adding 2 vol of distilled water to 1 vol of packed 
erythrocytes, freezing in an acetone-dry-ice bath, and thawing in a 
room temperature water bath The hemolysate was centrifuged at 
40,000 g for 10 minutes to remove stroma and immediately 
subjected to gel permeation chromatography on a Sephadex G-200 
column. The conditions of chromatography were those of Yip and 
colleagues, except that the column buffer contained only 2.0 
mmol/L of MgC1,. Because the proportion of aggregated PRPPS is 
known to decrease with storage,” all samples were applied to the 
Sephadex G-200 column within 60 to 90 minutes of phlebotomy. 

Two peaks of PRPPS activity were eluted from the Sephadex 
G-200 column. The first corresponded to aggregated forms of the 
enzyme and eluted in the void volume, whereas the second corre- 
sponded to disaggregated forms of the enzyme and coeluted with 
hemoglobin. Disaggregated forms of the enzyme could be assayed 
because they become fully aggregated and, therefore, fully active in 
the assay mixture due to the presence of saturating concentrations of 
ATP and Mg?*? Aggregated PRPPS was expressed as the percent- 
age of PRPPS activity in the void volume peak relative to total eluted 
PRPPS activity. 

PRPP synthetase was assayed by measuring the rate of AMP 
formation using the continuous spectrophotometric method of Val- 
entine and Kurschner." All assay determinations were corrected for 
ribose-5-phosphate-independent AMP formation. Pyruvate kinase 
activity was determined as described by Tanaka.'* Spectrophotomet- 
ric determinations of ATP and DPG"* were made using neutralized 
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perchloric acid extracts of whole blood." Hemoglobin concentration 
was determined using the cyanmethemoglobin method.” 

Data are expressed as the mean +1 SD. Student's t-tests were 
performed by standard methods. Correlation coefficients (r) were 
determined using the least-squares method Analysis of covariance 
was performed by adjusting the percentage of aggregated PRPPS by 
the intraerythrocytic concentration of ATP and DPG using the 
following formula: adjusted percentage of aggregated PRPPS = 
PAP, + b (I — I) where PAP, is the percentage of aggregated 
PRPPS in the nth sample, b is the slope of the least-squares line of 
percentage of aggregation v ATP or DPG, / is the mean concentra- 
tion of ATP or DPG in the cohort, and J, is the concentration of ATP 
or DPG ın the nth sample. 


RESULTS 


Initial studies dealt with the measurement of PRPPS 
activity. When corrected for cell size, the mean PRPPS 
activity of normal (n = 14), high reticulocyte (3.4% to 28%, 
n — 9), and PK-deficient (n = 4) RBCs were not statistically 
different at 46.1 + 7.1, 51.9 + 14.6, and 45.3 + 7.6 umol 
AMP/h-mL of RBCs, respectively. Our inability to demon- 
strate a decrease in PRPPS activity in PK-deficient RBCs 
using the standard assay system is a result of the presence of 
sufficient ATP and Mg?* concentrations to cause full 
PRPPS subunit aggregation and full activity? The lack of a 
significant difference in PRPPS activity between our normal 
and high reticulocyte groups was in contrast to the results of 
Valentine and Kurschner, who have shown that PRPPS 
activity increases slightly with the proportion of reticulo- 
cytes. This discrepancy may be due to differences in 
expressing PRPPS activity, since Valentine and Kurschner 
expressed their results based on activity per number of 
RBCs.” 

Given these results, we subsequently measured the state of 
PRPPS subunit aggregation. Erythrocytes from 12 normal 
subjects were found to have 37.7% + 3.5% of their PRPPS in 
aggregated forms (Table 1). In contrast, the young RBC 
population from persons with AIHA or HA had a higher 


Table 1. State of Aggregation of RBC PRPPS From Normal Subjects, Individuals With AIHA, HA, and PK Deficiency 








ATP-Adjusted* DPG-Adjusted* 
Reticulocytes ATP DPG Aggregated Aggregated Aggregated 
Subject Splenectomy (%) (umol/g Hb) (umol/g Hb) PRPPS (%) PRPPS (%) PRPPS (%) 
Normal (n = 12) No 11+05 358+045 14.1419 37.7 + 3.5 37.7 + 2.7 37.7 + 3.4 
Range (0.4-2.0) (3.08-4.44) (11.5-16.7) (32.0-43.4) (32.1-40.8) (32 6-42.7) 
AIHA 
Patient 1 Yes 18.0 2.09 15.0 51.6 69.7 56.3 
Patient 2 Yes 9.0 265 15.8 53.8 64.3 64.0 
Patient 3 Yes 190 3.35 15.3 64.0 65.0 70.8 
Patient 4 No 28.0 — = 77.7 — = 
HA 
Patient 1 No 15.0 4.44 11.9 74.0 60.1 57.7 
Patient 2 No 10.0 4.58 13.5 90.0 74.2 84.6 
PK Deficiency 
Patient 1 Yes 410 1.90 259 33 4 441 39.2 
Patient 2 No 75 254 241 43.6 47.5 44.4 
Patient 3 No 7.5 2.83 25.8 51.9 526 57.4 
Patient 4 No 11.0 4.32 19.2 60.5 45.3 47.8 





PRPPS, 5-phosphoribosyl-1-pyrophosphate synthetase, AIHA, autoimmune hemolytic anemia; HA, hemolytic anemia of unknown etiology; PK, 


pyruvate kinase; DPG, 2,3-diphosphoglycerate. 
* Adjustments were performed using analysts of covariance. 
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Fig 1. The relationship between the proportion of aggregated 
phosphoribosylpyrophosphate synthetase (PRPPS) and (A) pyru- 
vate kinase (PK) activity, (B) ATP concentration, and (C) 2,3- 
diphosphoglycerate (DPG) concentration in RBCs from normal (A), 
high reticulocyte (A) and pyruvate kinase-deficient (9) individuals. 


proportion of PRPPS in aggregated forms (Table 1). The 
mean intraerythrocytic concentrations of ATP and DPG in 
RBCs from the high reticulocyte cohort (n = 5) were 3.42 + 
1.09 and 14.3 + 1.6 umol/g hemoglobin, respectively. These 
values were not significantly different from the mean ATP 
and DPG concentrations in RBCs from the normal cohort 
(Table 1). 

The proportion of aggregated PRPPS increased in a 
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nonlinear manner with the number of reticulocytes in the 
RBC sample (Table 1). PRPPS aggregation in the high 
reticulocyte cohort appeared to be highly dependent on the 
intraerythrocytic ATP concentration (Table 1, Fig 1B). 
RBCs from PK-deficient patients 2, 3, and 4 who had not 
been splenectomized (7.5% to 11% reticulocytes) also had 
more of their PRPPS in aggregated forms as compared with 
RBCs from normal subjects (P < .02) (Tables 1 and 2). 
RBCs from the PK-deficient patients had less aggregated 
PRPPS than did RBCs from AIHA or HA patients with a 
comparable degree of reticulocytosis, however (P < .09) 
(Tables 1 and 2). What is more significant is that RBCs from 
PK-deficient patient 1 with the severest enzyme deficiency, 
who had undergone splenectomy, had a decreased proportion 
of aggregated PRPPS (33.4%) as compared with either the 
high reticulocyte RBCs or the RBCs of most normal subjects 
(Table 1). Presumably, in the absence of the spleen in 
PK-deficient patient 1, a greater number of very defective 
RBCs were in circulation. 

The proportion of aggregated PRPPS in PK-deficient 
RBCs correlated positively with PK activity (r = .90) (Fig 
1A) and intraerythrocytic ATP concentration (r = .95) (Fig 
1B) and negatively with intraerythrocytic DPG concentra- 
tion (r = —.75) (Fig 1C). The percentage of aggregated 
PRPPS in normal and high reticulocyte RBCs also corre- 
lated positively with intraerythrocytic ATP concentration 
(r = .64 and .94, respectively) (Fig 1B). Furthermore, in 
high reticulocyte RBCs, there was a negative correlation 
between the proportion of aggregated PRPPS and intraery- 
throcytic DPG concentration (r = —.68), whereas in normal 
RBCs little correlation existed between the proportion of 
aggregated PRPPS and intraerythrocytic DPG concentra- 
tion (r = —.23) (Fig 1C). Because the proportion of aggre- 
gated PRPPS appeared to be dependent on the percentage of 
reticulocytes, the intraerythrocytic ATP concentration, and 
the intraerythrocytic DPG concentration, an analysis of 
covariance was performed to adjust the proportion of aggre- 
gated PRPPS for differences in ATP and DPG concentra- 
tions in normal, high reticulocyte, and PK-deficient RBCs 
(Table 1). Although there was no statistically significant 
difference in unadjusted PRPPS aggregation between the 
high reticulocyte and PK-deficient cohorts (P< 09), there 
were statistically significant differences in both the ATP- 
adjusted percentage of PRPPS aggregation (P « .001) and 
the DPG-adjusted percentage of PRPPS aggregation (P < 
025) between these cohorts (Table 2). Thus, when adjusted 


Table 2. Statistical Analysis of PRPPS Aggregation in RBCs From Normal Subjects, Individuals With Reticulocytosis, and PK Deficiency 








Aggregated PRPPS (96) 





Unadjusted ATP-Adjusted* DPG-Adjusted* 

Mean + SD 

Group I, normal (n — 12) 37.7 + 3.5 37.7 +27 37.7 234 

Group II, high reticulocyte (n = 5) 66.7 + 15.8 66.7 + 5.4 66.7 € 116 

Group III, PK deficient (n = 4) 47.4 + 11.6 474 +38 47.4 x 7.7 
t Test analysis 

Ivii P < .001 P < .001 P < .001 

II v ill P«.09 P < .001 P < .025 

Ivi P< 02 P < .001 P< 005 





*Adjustments were performed using analysis of covariance. Abbreviations as in Table 1. 
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for either the ATP or DPG concentration, the proportion of 
aggregated PRPPS in PK-deficient RBCs was significantly 
lower than the proportion of aggregated PRPPS in high 
reticulocyte RBCs (Table 2). 

Given these relationships, we attempted to mimic PK 
deficiency in intact normal RBCs in vitro to determine the 
effect this has on PRPPS subunit aggregation. Freshly 
obtained normal RBCs were ATP-depleted by incubation 
with 100 mmol/L of 2-deoxyglucose for 1 hour, conditions 
that do not cause a significant depletion of DPG.? The RBC 
ATP content decreased by 75% after this treatment. Instead 
of demonstrating a shift of PRPPS to the dissociated state, 
however, almost no PRPPS activity was recovered in the 
eluate (data not shown). We subsequently determined the in 
vitro effects of ATP and DPG on the state of PRPPS subunit 
aggregation in hemolysate from normal RBCs. Using RBCs 
from a normal subject, the proportion of aggregated PRPPS 
in untreated hemolysate was 41.8% (Fig 2A). When the 
same hemolysate was incubated with 1.0 mmol/L of ATP for 
1 hour at 37 °C prior to column chromatography, aggregated 
PRPPS increased to 51.5% (Fig 2B). In contrast, incubation 
of the same hemolysate with 5.0 mmol/L of DPG for 1 hour 
at 37°C prior to column chromatography resulted in a 
decrease of aggregated PRPPS to 17.8% (Fig 2C). In the 
latter experiment, fewer total units of PRPPS were eluted 
from the column because 43% of the original PRPPS activity 
was lost during the incubation with DPG. To determine 
whether our system is comparable with that of Yip and 
colleagues"? despite our slightly modified experimental con- 
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Fig2. Changes in subunit aggregation of phosphoribosylpyro- 
phosphate synthetase (PRPPS) fron normal RBCs. The first PRPPS 
activity peak corresponds to aggregated forms of the enzyme 
while the second peak corresponds to disaggregated forms. A: 
untreated hemolysate; B: hemolysate incubated with 1.0 mmol/L 
of ATP for 1 hour at 37 °C; C: hemolysate incubated with 5.0 
mmol/L of 2,3-diphosphoglycerate for 1 hour at 37 °C. The per- 
centage of PRPPS activity in each peak relative to total eluted 
PRPPS activity is shown. 


1027 


ditions, we chromatographed hemolysate using column 
buffer containing 1.0 mmol/L of ATP. One hundred percent 
of the PRPPS was found in aggregated forms under these 
conditions, indicating that our results were comparable with 
those of Yip and colleagues.'? 


DISCUSSION 


The state of subunit aggregation of RBC PRPPS 1s 
dependent on two different phenomena. First, it has been 
shown that ATP induces the subunits of purified PRPPS to 
aggregate whereas DPG induces aggregated enzyme to 
dissociate.? We extended these early findings by demon- 
strating changes in PRPPS subunit aggregation after rela- 
tively short preincubations of crude hemolysate with ATP or 
DPG. Thus, there was an increase in the proportion of 
aggregated PRPPS after preincubation of normal hemoly- 
sate with ATP and a decrease in the proportion of aggregated 
PRPPS after preincubation of hemolysate with DPG (Fig 2). 
The demonstration that 100% of the enzyme was aggregated 
when ATP was included in the chromatography buffer 
suggests that our gel permeation system worked in a manner 
identical to that of Yip and colleagues. Our inability to 
demonstrate PRPPS disaggregation after ATP depletion 
with 2-deoxyglucose was due to the loss of PRPPS activity. 
Such activity losses occur if hemolysate is stored for several 
days at 4 °C. Because we used only fresh hemolysate in our 
studies, however, it is possible that incubation of intact RBCs 
with 2-deoxyglucose may have resulted in loss of PRPPS 
activity by a mechanism that is not related to ATP depletion. 
A similar, albeit smaller, Joss in activity was observed after 
hemolysate was preincubated with DPG. 

Second, we demonstrated for the first time that the 
younger RBCs from the high reticulocyte cohort have more 
aggregated PRPPS than do mature normal RBCs (Table 1). 
Because the mean intraerythrocytic concentrations of ATP 
and DPG in the high reticulocyte cohort were not signifi- 
cantly different from normal, the increase in PRPPS subunit 
aggregation in high reticulocyte RBCs is not due to altera- 
tions in the mean concentrations of ATP and DPG by 
themselves. The proportion of aggregated PRPPS in an 
individual high reticulocyte RBC sample is highly dependent 
on intraerythrocytic ATP concentration, however, and some- 
what dependent on intraerythrocytic DPG concentration. 
Thus, these data suggest that there is relatively more aggre- 
gated PRPPS in young RBCs de novo and that the propor- 
tion of aggregated PRPPS decreases as RBCs mature. It is 
not known whether erythroblasts have fully aggregated 
PRPPS. It is known, however, that PRPPS from leukocytes 
and other tissues examined thus far is fully aggregated and 
that it does not dissociate into smaller mol wt forms.'? 

The decrease in aggregated PRPPS in PK-deficient RBCs 
as compared with high reticulocyte RBCs showed a trend 
toward statistical significance (P < .09) (Table 2). Because 
the proportion of aggregated PRPPS is dependent on cell age 
and intraerythrocytic ATP and DPG concentrations, 
changes in any of these parameters will affect the percentage 
of aggregation. This warranted an analysis of covariance. 
Thus, when the percentage of aggregation was adjusted for 
each of the above covariables, the difference in percentage of 
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aggregation between high reticulocyte and PK-deficient 
RBCs became statistically significant (Table 2). Therefore, 
it is suggested that PK-deficient RBCs contain less aggre- 
gated PRPPS than do RBCs of comparable cell age without 
PK deficiency. Furthermore, this decrease is most likely 
caused by the decreased ATP and increased DPG concentra- 
tions in PK-deficient RBCs. Because there is less aggregated 
PRPPS in PK-deficient RBCs than in the high reticulocyte 
RBCs, our data suggest that PRPPS may be less active in 
vivo in PK-deficient RBCs than in RBCs of comparable age 
without enzymopathy. Although the state of PRPPS subunit 
aggregation in RBCs from PK-deficient patients 2, 3, and 4 
was actually higher than that of normal RBCs because of the 
increased proportion of reticulocytes, the state of PRPPS 
subunit aggregation in RBCs from PK-deficient patient 1 
was at the lower end of the normal range despite the very 
high proportion of reticulocytes (Table 1). Only PK-deficient 
patient 1 was comparable with the patients that Grimes and 
colleagues” used for their determination of total adenine 
nucleotides. Hence, there is good agreement between aggre- 
gated PRPPS and total adenine nucleotides in normal, high 
reticulocyte, and severely PK-deficient RBCs (patient 1 in 
this study). 

The strong correlation between percentage of aggregated 
PRPPS and intraerythrocytic ATP concentration is due to 
the marked in vitro aggregating effect of ATP. In contrast, 
the correlation between PRPPS aggregation and intra- 
erythrocytic DPG concentration is not as strong. This is 
because a fivefold higher concentration of DPG than ATP is 
required to affect PRPPS aggregation in vitro.’ In addition, 
in intact normal RBCs, DPG is present at a concentration 
approximately equimolar to that of hemoglobin.” Because 
DPG binds to hemoglobin with high affinity,” most of the 
DPG in normal RBCs would be bound to hemoglobin, and 
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relatively little free DPG would be available to affect PRPPS 
aggregation. This may account for the low correlation 
between PRPPS aggregation and intraerythrocytic DPG 
concentration in normal RBCs (Fig 1C). When the DPG 
concentration increases to a level that is significantly higher 
than the hemoglobin concentration, the concentration of free 
DPG will increase and affect PRPPS aggregation. Thus, 
only DPG concentrations significantly higher than those 
found in normal RBCs (14 umol/g Hb) will contribute to 
increasing the concentration of free DPG. In our study, this 
condition is only present in RBCs from our PK-deficient 
cohort, which may account for the relatively strong correla- 
tion between PRPPS subunit aggregation and intraerythro- 
cytic DPG concentration in these RBCs. 

Given (a) the strong in vivo correlations between PK 
activity, intraerythrocytic ATP and DPG concentrations, 
and the proportion of aggregated PRPPS in PK-deficient 
RBCs, and (b) the ın vitro effect of ATP and DPG on 
PRPPS subunit aggregation, our data suggest that the 
decrease in aggregated PRPPS in PK-deficient RBCs is 
caused by the decreased ATP and increased DPG levels in 
these RBCs. Lower ın vivo PRPPS activity in PK-deficient 
RBCs would be expected to impair PRPP formation, which 
would diminish the capacity of these RBCs to synthesize 
adenine nucleotides and NAD. Therefore, we propose that 
lower in vivo PRPPS activity in PK-deficient RBCs may be 
(a) a major cause of decreased total adenine nucleotide 
concentration, and (b) another cause of decreased total 
NAD content in addition to diminished ATP regeneration. 
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The L4F3 Antigen Is Expressed by Unipotent and Multipotent 
Colony-Forming Cells but Not by Their Precursors 


By Robert G. Andrews, Masuhiro Takahashi, Gerald M. Segal, Jerry S. Powell, 
Irwin D. Bernstein, and Jack W. Singer 


Antibody L4F3 is a murine monoclonal antibody that recog- 
nizes an antigen expressed on in vitro colony-forming cells, 
including virtually all CFU-GM, CFU-Meg. BFU-E, and CFU- 
Mix. In the present study we examined whether cells that 
do not express the L4F3 antigen include precursors of 
hematopoietic colony-forming cells. Colony-forming cells 
were depleted from marrow by treatment with L4F3 and 
complement. The remaining cells generated CFU-GM, BFU- 
E, and CFU-Mix when cultured in the presence of irradiated 
adherent cell layers from long-term marrow cultures. Mar- 
row cells not expressing the L4F3 antigen, which were 


URFACE ANTIGENS expressed by cells of the dif- 
ferent hematopoietic lineages change as these cells 
mature.'? Certain of these differentiation antigens are selec- 
tively expressed by cells with different lineage commitments 
and with greater or lesser proliferative potentials. The matu- 
ration-linked expression of antigens by granulocyte/mono- 
cyte, erythroid,*" and megakaryocyte/platelet^?? 
elements and their committed precursors??^7' have been 
identified by numerous monoclonal antibodies. Less is 
known, however, about antigens expressed by the putatively 
less mature stem cells that are precursors of in vitro colony- 
forming progenitors since only indirect assays are possible. 
The present study examines the expression of the L4F3 
antigen by hematopoietic progenitor cells 1n vitro including 
the precursors of colony-forming cells We have previously 
shown that the L4F3 antibody reacts with nearly all granulo- 
cyte/monocyte colony-forming cells (CFU-GM) and a por- 
tion of erythroid burst-forming cells (BFU-E). In this study, 
using complement (C’)-mediated cytolysis and separation of 
cells stained in indirect immunofluorescence assays by fluo- 
rescence-activated cell sorting, we show that the L4F3 
antibody also reacts with virtually all megakaryocyte (CFU- 
Meg) and multipotential (CFU-Mix) colony-forming cells. 
In contrast, we found that the L4F3 antibody does not react 
with cells that are precursors for CFU-GM, BFU-E, and 
CFU-Mix detectable in long-term marrow cultures. 
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separated by cell-sorting techniques, were depleted of 
colony-forming cells but nevertheless generated CFU-GM 
when cultured over irradiated adherent cell layers. These 
data suggest that there are marrow precursors that do not 
express the L4F3 antigen and that give rise to colony- 
forming cells of multiple types. Negative selection tech- 
niques should allow the enrichment of these precursors of 
colony-forming cells, thereby enabling direct studies of 
these immature stem cells. 

e 1986 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 
Cells 


Under an Institutional Review Board-approved protocol, samples 
of bone marrow obtained from normal healthy adult donors at the 
Fred Hutchinson Cancer Research Center were collected in heparin- 
ized tissue culture medium Specimens were diluted with an equal 
volume of RPMI 1640, and bone marrow nucleated cells were 
separated either as buffy coat cells or by Ficoll-Hypaque (sp gr, 
I 077) density gradient centrifugation as previously described ? 


Monoclonal Antibodies 


The generation and characterization of the murine monoclonal 
antibody L4F3 (IgM) has been previously described in detail? The 
L4F3 antibody used in the cytotoxicity assays was in the form of 
unfractionated ascites fluid with a cytotoxic titer of antibody > 107? 
As a control, ascites fluid containing T11D7, a murine monoclonal 
IgM of irrelevant specificity (antimouse Thy 1.1), was used (hybrid- 
oma clone kindly provided by Dr E. Clark, University of Washing- 
ton, Seattle). For use in immunofluorescence assays the antibodies 
were purified and conjugated with fluorescein-isothiocyanate 
(FITC) Monoclonal antibodies L4F3 and T11D7 were partially 
purified from ascites fluids by precipitation of IgM with 2% (wt/vol) 
boric acid. To each 1 mL of ascites fluid 20 mL of 2% boric acid 
was added dropwise with continued stirring on ice. Stirring was 
continued for 60 minutes, at which time the solution was centrifuged 
for 20 minutes, 4 °C, 5,000 x g The precipitate was dissolved in 
phosphate-buffered saline (PBS), pH 7 2 When assayed by micro- 
zonal electrophoresis, a single band was seen. Partially purified 
antibodies were then conjugated with FITC (Research Organics, 
Cleveland) as previously described.? The fluorescein/protein ratio 
of L4F3-FITC was 6.9:1, and that of T11D7-FITC was 7.9.1 as 
determined by the OD280/OD495 technique.” 


Tissue Culture 


Long-term marrow cultures. Marrow cells were cultured in 
either 25-cm? tissue culture flasks (Falcon Labware, Oxnard, Calif) 
at 10’ per flask or in Ambitube (Miles Scientific, Naperville, Ill) 
culture tubes at 0.45 to 10 x 10° per tube. As previously described, 
culture medium consisted of McCoy's 5A medium supplemented 
with essential and nonessential amino acids and vitamins (GIBCO, 
Grand Island, NY), 12.596 fetal bovine serum (FBS) (Reheis, 
Kaukakee, Ill), 12.5% horse serum (GIBCO), 1075 mol/L hydrocor- 
tisone (Sigma Chemical Co, St Louis), and 1 mmol/L sodium 
pyruvate (GIBCO). Cultures were incubated at 37 °C and 5% CO, 
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in a humidified incubator for five days and then transferred to a 
33 °C, 5% CO,-humidified incubator. At weekly intervals cultures 
were fed. After pipetting the supernatant several times, half of the 
supernatant fluid was removed along with nonadherent cells and an 
equal volume of fresh medium added. Cells in culture supernatants 
were assayed for CFU-GM, BFU-E, or CFU-Mix 

Marrow adherent cell layers. Marrow buffy coat cells were 
cultured at 2 x 10’ per 10 mL in 25-cm’ tissue culture flasks or 3 to 
5 x 10$ per 2 mL in Ambitube culture tubes as was described. At 3 
to 4 weeks after initiation of cultures when a confluent adherent cell 
layer was present, cultures were irradiated with 1,148 + 209 cGy 
from a cesium source (dose rate, 459 + 83 cGy/min). This treatment 
resulted in cultures that produced no colony-forming cells even when 
fresh marrow irradiated with the same dose was added (data not 
shown). 

Colony assays Culture systems for BFU-E and CFU-GM,??! 
CFU-Meg,” and CFU-Mix?! have previously been described. Cells 
were cultured at 0.1 to 1.0 x 10° mL, and cultures were counted on 
day 13 to 15 using an inverted microscope. CFU-GM were identified 
as colonies with 40 or more cells containing granulocytes, monocytes, 
or both granulocytes and monocytes. Erythroid bursts were defined 
as clusters of two or more hemoglobinized colonies after 14 days of 
culture. These clusters represent progeny of an immature progenitor 
type.? CFU-Mix were colonies containing erythroid and nonery- 
throid cell types in which there was a single center to the colony. 
Colonies with two apparent centers, one for erythroid and one for 
nonerythroid cells, were considered separate colonies and not CFU- 
Mix. At the cell densities used in these cultures, the majority of 
CFU-Mix can be expected to be clonal based on studies of G6PD 
clonality reported by Powell et al.?! 


Cytotoxicity Assay 


Cytotoxicity assays were performed as previously described.’ 
Briefly, bone marrow cells were suspended at a concentration of 10’ 
per mL in RPMI supplemented with 20% (vol/vol) FBS (Hyclone, 
Logan, Utah) (RPMI-20% FBS) containing a 1.10° dilution of 
antibody-containing ascites fluid. Cells were incubated for 30 min- 
utes at room temperature (RT), at which time an equal volume of a 
1:1 dilution of prescreened baby rabbit serum (a source of comple- 
ment) in RPMI-20% FBS with 10? Kumtz U/mL of DNase 
(GIBCO) was added The cells were resuspended and incubation 
continued for 60 minutes at RT Cells were washed three times with 
RPMI and then suspended in RPM1-—20% FBS. As a control in these 
studies, cells were also treated with T11D7, an isotype-identical 
monoclonal antibody of irrelevant specificity. 


Immunofluorescence Assays and Cell Separation by 
Fluorescence-Activated Cell Sorting 


Marrow cells were stained using a 1:20 dilution of directly 
conjugated L4F3-FITC or T11D7-FITC and then secondarily 
stained with a 1.20 dilution of an FITC-conjugated goat antiserum 
to mouse IgM and IgG (Tago, Burlingame, Calif) to enhance 
fluorescence All antibodyies were centrifuged at 100,000 g at 25 °C 
for ten minutes in a Beckman airfuge (Beckman Instruments, San 
Francisco) immediately prior to use to remove antibody complexes. 

Cells stained with either LAF3-FITC or irrelevant control T11D7- 
FITC were analyzed by flow microfluorometry using a FACS-440 
(Becton-Dickinson, Oxnard, Cahf) L4F3-stained cells with a fluo- 
rescence intensity greater that that of 95% of T11D7-stained control 
cells were selected as positively stained. Positively and negatively 
staining cells were separated by fluorescence-activated cell sorting 
(FACS) at a rate of 2 to 4 x 10? cells/s. Cells were collected into 
tubes containing RPMI—20% FBS. Collected cells were cultured in 
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colony assays as well as in the long-term cultures over irradiated 
marrow adherent cell layers. 


RESULTS 


Inhibition of Colony Formation by Treatment With 
Antibody L4F3 Plus C' 


We used C'-dependent cytolysis to examine the reactivity of 
monoclonal antibody L4F3 with unipotent and multipotent in vitro 
colony-forming cells. Treatment with L4F3 plus C' lysed 55% to 75% 
of marrow nucleated cells when compared with treatment with the 
control antibody T11D7 as determined by trypan blue dye exclusion 
in four experiments. Treatment with L4F3 inhibited growth of 
virtually all immature colony-forming cells including CFU-GM 
(=92%), BFU-E (=95%, bursts with two or more colonies), and 
CFU-Mix (=99%) when compared with cells treated 
with T11D7 (Table 1). In three additional experiments we found 
that L4F3 treatment also inhibited the growth of CFU-Meg (96% 
inhibition) (mean + SEM of 15 replicates per data point. L4F3 + 
C = 0.4 + 0.3/10°; T11D7 + C' = 9.8 + 1.9/10°). Thus, these 
results confirm the previously described lysis of CFU-GM and 
BFU-E by antibody L4F3 and C^ and further demonstrate the 
effects of both CFU-Meg and CFU-Mix. 


Separation of Colony-Forming Cells by FACS 


The effects on colony-forming cells in cytolytic assays also 
may be due to the depletion of accessory cells. Therefore, we 
used FACS to isolate marrow cells expressing the L4F3 
antigen. Since the fluorescence intensity of marrow cells 
stained using L4F3 in indirect immunofluorescent assays is 
relatively low,the distinction between cells with low levels of 
antigen expression and unstained cells is difficult. We there- 
fore enhanced the fluorescent signal using L4F3 that was 
directly conjugated with FITC followed by FITC-conjugated 
goat antimouse Ig (GAM) antiserum to stain marrow cells. 
As a control, cells were stained with FITC-conjugated 
T11D7 followed by the FITC-conjugated GAM Ig antisera. 
In these experiments, cells were considered positively stained 
if they had a fluorescence intensity greater than that of 95% 
of the T11D7-FITC-stained control cells. Cells were sepa- 
rated into L4F3-positive and -negative populations. In a 
representative experiment shown in Table 2, the L4F3- 
stained population contained 76% of all sorted marrow cells. 
The separated positively and negatively reacting cells as well 
as unseparated cells were cultured for CFU-GM, BFU-E, 
CFU-Mix, and CFU-Meg. 

The L4F3-positive cells contained virtually all of the 
CFU-Mix, CFU-Meg, and BFU-E, and the majority of 
CFU-GM were present in the sorted populations. The sepa- 
ration of the majority of BFU-E including multiple-colony 
clusters (two or more colonies per burst) was also observed in 
two additional experiments in which 60% and 80% respec- 
tively of sorted BFU-E were in the positive populations (data 
not shown). These results directly demonstrate the reactivity 
of the L4F3 antibody with in vitro hematopoietic colony- 
forming cells, including multipotential and unipotential pro- 
genitors. 


Effects of L4F4 Plus C' on Long-Term Marrow Cultures 


Since treatment of marrow cells with L4F3 plus C' lysed 
virtually all detectable immature colony-forming cells, we 
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Table 1. Generation of Colony-Forming Cells in Long-Term Culture System After Lysis With LAF3 -- C' 
Colonies per Culture Tube 
L4F3 + C' T11D7 + C 
Experiment Week CFU-GM BFU-E * CFU-Mix CFU-GM BFU-E* CFU-Mix 

| o 217 + 62 (9241 0 = 0 (>99)ł 0+O(>99)¢ 3,779 + 531 1,445 + 266 118 + 59 
1 12 + 8t 16 + 8t 0 «Ot 1,388 + 165 418 + 59 71 2 18 
2 4 4f 0 + Of 0 +0t 1,447 + 207 319 + 59 65 + 12 
3 176 + 40 16 + 16 20+4 272] ell 18| 
4 216 + 408 60 + 28 40 + 20 434|| 59|| 41 
5 148 + 16§ 52 x 12 28 «8 230| 47| 41| 
6 108 + 8 16 +4 8+4 112|] 18|| ell 
7 49 + 12 2+1 13+6 44|| ol 4l 
8 40 + 13 8+4 8+2 4l oll oll 

I 0 100 + 200(99)¢ 300 + 200 (95) O + 0(99)t 8,400 + 1,200 6,300+900 1,100 + 200 
1 540 + 140} 40 + 60t 20 + 20¢ 740 + 80 560 + 40 380 + 20 
2 172 + 16 96 + 48 52+ 24 148 + 24 340 + 224 4444 
3 256 + 16 36 + 20 40 + 12 308 + 32 124 + 100 36 + 16 
4 183 +6 23+9 24 x 14 2045 0x0 0x0 
5 192] 16|| 16] ol ol oll 

I 0 190 + 50 (96)+ O + 0(99)t O + 0(99)+ 4,690 + 480 3,500 + 400 250 + 50 
1 167 + 271 504 + 116 28 + Bi 803 x 111 336|| 108|| 
2 1,142 + 33 ND ND 357 + 147 ND ND 
3 657 + 82 20+7 44 + 33 550 + 350 16| 32| 
4 765 + 157 ND ND 876 + 141 ND ND 
5 264|| ND ND 136 || ND 


Abbreviation: ND, not determined 
*Only bursts wrth two or more erythroid colonies were counted; small, single colonies were not included. 


tPercent inhibition of colony growth at week O compared with control. 


iNumber of colonies in cultures from L4F3-treated cells significantly less than from cultures of control-treated cells at P < .01 
§Week 4, .01 < P < .025; week 5, .025 < P < .05 
| Results of a single culture plate 
Equivalent numbers of marrow cells were treated with either L4F3 or T11D7 plus C’ and used to establish long-term cultures in the Presence of 
irradiated (1,148 + 207 cGy) 3- to 4-week-old marrow adherent cell layers Based on pretreatment counts, 3 x 10° cells were cultured per tube tn 
experiment | and 10” cells per tube in experiments II and Ill. Data are the means + SEM of replicate cultures for each colony type. Total colonies per 
tube = (colonies/volume) x (volume in tube)/(volume removed) 


examined the effect of L4F3 plus C’ on progenitor cells in 
long-term marrow cultures. Marrow cells treated with L4F3 
plus C’ were cultured in the presence of irradiated confluent 
allogeneic adherent cell layers from 4-week-old long-term 
marrow cultures to provide a permissive environment for the 
proliferation of putative precursors of colony-forming cells.*4 
No colony-forming cells were detectable in control cultures 
either of irradiated adherent cells alone or of irradiated 
cultures to which irradiated allogeneic marrow cells were 
added (data not shown). 

In these experiments, equivalent numbers of marrow cells 
were treated with either L4F3 or T11D7 and C', and the 
remaining cells, without adjustment for cell loss, were placed 


in long-term cultures and then assayed weekly for colony- 
forming cells In representative experiments (Table 1), treat- 
ment with L4F3 plus C’ deleted greater than 92% of CFU- 
GM, 95% of BFU-E, and 99% of CFU-Mix when assayed 
immediately after treatment as compared with control anti- 
body-treated cells. The cultures of L4F3 plus C’-treated cells 
showed significant and sustained increases in the numbers of 
CFU-GM, BFU-E, and CFU-Mix detectable in culture over 
time. After 2 to 3 weeks the numbers of these colony-forming 
cells (CFU-GM, BFU-E, CFU-Mix) detected in cultures of 
the L4F3-treated cells were similar to or greater than the 
numbers of colony-forming cells in the control cultures of 
T11D7-treated cells. Significantly fewer colony-forming 


Table 2. Reactivity of Antibody L4F3 With Hematopoietic Progenitors: FACS 





Percentage of 








Total Population CFU-GM BFU-E CFU-Meg CFU-Mix 
Unseparated 100 200.0 + 2 1 56.7+18 209 + 1.0 5.0 + 0.1 
L4F3-positive 76 156 0 + 27 (79)* 42.5 + 1 1(99)+ 11.3 + 0.4 (97) 2 6 + 0.2 (100) 
L4F3-negative 24 134 0 + 3.6 (21) 0.8 + 02 (1) 1.2 +04 (3) 0+0 








*Percentage of total colony-forming cells of each type present in sorted populations. 


{BFU-E present in cultures of sorted cells were predominantly of the large, single-colony type. In cultures of unseparated cells, bursts with two or 
more colonies as well as single colonies were present 
ae. `~ Separated and unseparated cells were cultured at 0.83 x 10°/mL, and results are displayed as the mean + SEM of colonies per 10° cells for five 
* replicate cultures 
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cells were detectable in cultures of LAF3-treated cells in the 
absence of irradiated marrow adherent cells as compared 
with those with adherent layers (data not shown). 

Immediately following L4F3 treatment, BFU-E of two or 
more colonies were eliminated, and the only detectable 
erythroid progenitors formed almost exclusively small single 
colonies. Virtually all of the BFU-E subsequently detected in 
the long-term cultures of LAF3-treated cells consisted of two 
or more erythroid colonies, suggesting the origin of these 
bursts from less mature progenitors than were demonstrable 
at the initiation of cultures.?? The CFU-Mix colonies 
detected in the long-term cultures of L4F3-treated cells were 
large, and the number detectable increased over the first 2 to 
4 weeks of culture. These data suggest that precursors of 
immature BFU-E and CFU-Mix as well as CFU-GM do not 
express the L4F3 antigen. 


Long-Term Cultures of LAF3-Stained Cells 
Separated by FACS 


In cytolytic assays accessory cells in addition to colony- 
forming cells may be depleted. Therefore, we isolated LAF3- 
stained and unstained marrow cells using FACS. The resul- 
tant cells, placed in long-term cultures, were analyzed for 
CFU-GM production as an indicator of precursors of colony- 
forming cells since CFU-GM correlated with the production 
of other colony-forming cell types in our culture system. In a 
representative experiment (Table 3), L4F3-negative, L4F3- 
positive, and unseparated marrow cells were cultured over 
irradiated adherent cell layers. After 1 week, the number of 
CFU-GM detected in cultures of LAF3-negative cells was 
equivalent to or greater than the number in cultures of 
L4F3-positive cells despite the fact that the culture of 
L4F3-positive cells contained almost three times as many 
CFU-GM at initiation. Moreover, after 1 week, the number 
of CFU-GM in cultures of LAF3-negative cells was similar to 
that from cultures of unseparated cells. These results were 
corroborated in two additional experiments (data not 


Table 3. Generation of CFU-GM in Long-Term Cultures 
From isolated L4F3-Negative Cells 


Colonies per Culture Tube 








Weeks L4F3-Negative L4F3-Positive Unseparated 
Culture initiation 938 + 56* 2,652 + 102* 4,660 + 117 
1 1,344 + 203 1,017 + 102 1,127 + 210 
2 231 + 34 429 + 66 399 + 57 
3 760 + 60 467 +17 809 + 97 
4 196f 8t 2021 





*Mean x SEM of CFU-GM per culture tube. Bone marrow cells were 
separated by FACS into negatively stained, positively. stained, and 
unseparated populations The sorting window for positive cells contained 
7496 of the analyzed L4F3-stamed marrow cells, and the negative 
window contained 2596 of the marrow cells. Ambitubes with established 
marrow adherent cell layers were irradiated, and 7 x 10° of the 
L4F3-negative, 1 7 x 10° of the L4F3-positive, and 2.3 x 10° of the 
unseparated marrow cells were added to separate culture tubes. Single or 
duplicate cultures for CFU-GM were performed weekly from each 
individua! tube , Colonies per tube = (colonies/volume removed) x 
(volume in culture tube)/(volume removed) 

tResults of a single culture plate. 
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shown). These data confirm that the precursors of colony- 
forming cells detectable after 3 weeks in long-term culture 
are not present in LAF3-positive marrow cell populations but 
are present in the L4F3-negative populations. 


DISCUSSION 


The present study extends our previous characterization of 
the L4F3 antigen expression by unipotent hematopoietic 
colony-forming cells to an assessment of multipotent colony- 
forming cells and, in long-term culture, the putative precur- 
sors of colony-forming cells. The L4F3 antigen has a relative 
molecular weight of 67,000 daltons and is also detected by 
the MY-9 antibody” as determined by competitive binding 
inhibition and comodulation studies (Andrews and Bern- 
stein, unpublished observations, J. Griffin, personal commu- 
nication). It is found at barely detectable levels on the 
surface of mature monocytes and granulocytes in immuno- 
fluorescence assays but in greater concentrations on imma- 
ture granulocytic elements in bone marrow.? In the present 
study, we have shown by cytolysis and cell sorting that the 
L4F3 antigen is present on virtually all colony-forming cell 
types in bone marrow including CFU-GM, CFU-Meg, 
CFU-Mix, and immature BFU-E (two or more colonies/ 
burst). 

By culturing separated populations of marrow cells over 
irradiated allogeneic marrow adherent cell layers, ^ we have 
found that the L4F3 antigen is not expressed on the precur- 
sors of colony-forming cells. Thus, although L4F3 plus C’ 
treatment depleted virtually all immature colony-forming 
cells (CFU-GM, BFU-E, CFU-Mix), when the remaining 
cells were cultured over irradiated marrow adherent cell 
layers, increasing numbers of unipotent and multipotent 
colony-forming cells were detectable for up to 8 weeks. In the 
absence of an irradiated adherent cell layer, cultured LAF3- 
treated cells generated fewer colony-forming cells, and the 
cultures became senescent in 3 to 4 weeks. The data suggest 
that marrow cells treated with L4F3 produced more colony- 
forming cells for a longer time than do control cultures. 
Thus, it is possible that LAF3-expressing cells may inhibit the 
proliferation of these precursors of colony-forming cells. 

The observation that cultures of L4F3-negative cells gen- 
erated substantially greater numbers of colony-forming cells 
than were detectable at initiation strongly suggests that the 
L4F3-negative cells included precursors capable of substan- 
tial proliferative and/or differentiative activity in this cul- 
ture system. Further, the length of time over which cultures 
contained detectable colony-forming cells, recent data on the 
cell cycle characteristics of committed colony-forming cells 
in long-term cultures, and the cultures of L4F3-positive 
cells enriched for CFU-GM all suggest that it is unlikely that 
colony-forming cells detected in long-term cultures of LAF3- 
treated marrow represented the self renewal of a small 
number of cells committed to granulopoiesis. 

Few other antigens present on immature multipotential as 
well as unipotential colony-forming cells have been 
described. Antibodies against HLA-DR determinants have 
been shown by a number of investipators to recognize. . 
CFU-GM, BFU-E, and CFU-Mix."^* ? Non-HLA; deer; mn 
minants include the antigen identified by Dea NE £ 3 


JER, 
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MY-10,? and B1.3.C5,*^? which react with a 115,000- 
dalton antigen. The RFB-1 antibody described by Bodger et 
al'$ identifies an antigen expressed by CFU-E, BFU-E, 
CFU-GM and CFU-Mix as well as a subset of peripheral 
blood T lymphocytes. Ferrero et al” described a series of 
monoclonal antibodies reactive with progenitor cells; how- 
ever, as in the case of RFB-1, the antigens identified by many 
of these antibodies have yet to be defined. 

Less is known, however, about antigens expressed by the 
precursors of colony-forming cells. We have recently shown 
that the 12.8 antigen is expressed by the precursors of 
colony-forming cells detected in long-term cultures.” Fer- 


ANDREWS ET AL 
rero et al? also have described antibodies reactive with 
pre- CFU-GM. Certain, though not all, HLA class II deter- 
minants are expressed on these cells,93935^* and we now 
demonstrate that the L4F3 antigen is not expressed by these 
precursors. 

Thus by using selection techniques as described in this 
paper, the precursors of colony-forming cells can now be 
separated from in vitro colony-forming cells and mature 
myeloid and lymphoid hematopoietic elements. The present 
studies suggest strategies for isolating these precursors that 
will make it possible to further characterize their require- 
ments for proliferation and/or differentiation. 
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Bromodeoxyuridine Treatment of Normal Adult Erythroid Colonies: An In Vitro 
Model for Reactivation of Human Fetal Globin Genes 


By P. Comi, S. Ottolenghi, B. Giglioni, G. Migliaccio, A.R. Migliaccio, E. Bassano, 
S. Amadori, G Mastroberardino, and C. Peschle 


We report that bromodeoxyuridine (BrdU) addition in semi- 
solid cultures of normal adult erythroid progenitors causes 
a sharp rise of -globin gene expression in erythroid 
colonies. Control studies were carefully carried out to 
exclude the possibility of toxic effects exerted by the drug 
in these experimental conditions. In particular, BrdU addi- 
tion induces a sharp increase in the level of relative 
'Y-globin synthesis and content in pooled BFU-E-derived 
colonies: this rise is clearly observed in single bursts of the 
mature type (largely composed of late erythroblasts) but 
not in immature ones (essentially comprising early erythro- 
blasts). Furthermore, it is associated with an increase of 
the ^y / °y + ^y synthetic ratio from adult up to fetal like 


N ADULT HUMANS, fetal hemoglobin (HbF, o; y2) 
represents <1% of total Hb, the remainder being adult 
Hb (essentially HbA, a, 8;). Nevertheless, a significant 
potential for HbF synthesis is retained by normal adult 
erythroid progenitors, not only by early ones (BFU-E)'* but 
also by late ones (CFU-E).>’ This was first shown in vitro, on 
the basis of the enhanced HbF content or synthesis in 
erythropoietic colonies generated in culture in BFU-E'“ and 
CFU-E.*7 
Recently, De Simone et alë reported that anemic baboons 
show a marked rise of HbF levels after treatment with 
5-azacytidine (5-azaC), ie, a nucleoside analogue known to 
inhibit DNA methylation in vivo. Similar results were 
observed with other antiblastic agents such as vinblastine’ 
and hydroxyurea.” More important, a striking increase in 
HbF levels has been observed in patients with different 
hemoglobinopathies (ie, sickle cell diseases and 8-thalasse- 
mia) treated with 5-azaC.''* These studies have generated 
considerable debate!’ because they represent one of the 
first attempts to treat a human hereditary disease by phar- 
macologic manipulation of the expression of specific genes. 
Furthermore, they reflect on the debated issue of mecha- 
nisms controlling HbF synthesis in adult life, which may 
admittedly act at the level of erythroid progenitors’ and/or 
immature erythroblasts.^!^!* 
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values. Reactivation of ‘Y-synthesis was observed even if 
BrdU was added to colonies composed essentially of early 
erythroblasts, ie, when BrdU was added to either bursts at 
day 10 of culture or late CFU-E-derived clones at day 1. 
These in vitro observations indicate modulation of Y- 
synthesis at the stage of erythroblasts from normal adults. 
At the molecular level we suggest that BrdU, by replacing 
thymidine in DNA, may inhibit the switch from a fetallike 
biosynthetic program expressed in early erythroblastic 
differentiation to the adult program expressed in later 
stages of maturation. 
e 1986 by Grune & Stratton, Inc. 


In an attempt to establish an in vitro approach to these 
aspects, we have analyzed the globin chains' synthesis pat- 
tern in normal human adult erythroid colonies treated with 
5-azaC, bromodeoxyuridine (BrdU), and other agents at 
various stages of their erythropoietic differentiation We 
report here that BrdU treatment of normal adult erythroid 
bursts causes a striking increase in their relative fetal globin 
synthesis and content, at least partially via a direct effect at 
the level of differentiating erythroblasts. 


MATERIALS AND METHODS 
Culture of Erythroid Colonies 


Culture of erythroid bursts. Heparinized blood was obtained 
from the antecubital vein of normal adult volunteers. The mononu- 
clear cells, harvested by a slight modification" of the Ficoll- 
Isopaque technique,? were grown in methylcellulose cultures as 
described.2" Each 1-mL plate contained the following components 
in Iscove's modified Dulbecco's medium (IMDM): methylcellulose 
(0.8%, final concentration), a-thioglycerol (107* mol/L), fetal calf 
serum (FCS) (30%), 3 x 10° nucleated cells, and semipurified 
erythropoietin (2 IU, kindly provided by the National Heart, Lung 
and Blood Institute, 1,140 IU/mg of protein) The plates, carefully 
maintained in the dark, were incubated in a humidified 5% CO, air 
atmosphere at 37°C. BrdU (Sigma Chemical Co, St Louis) 
dissolved in IMDM was added to the dishes at sequential days of 
culture (1e, day 0, 6, 8, or 10). An equivalent volume of IMDM was 
supplemented in control plates. On day 12, erythroid bursts were 
recognized in situ on the basis of their pink-orange-red color and 
further classified as will be described 

Classification of erythroid bursts. Maturation of BFU-E- 
derived bursts 1s not only gradual but also asynchronous: the 
asynchrony is clearly observed when comparing different bursts in a 
culture dish. Since the relative level of y-chain synthesis in bursts 
depends upon their stage of maturation, it seemed necessary to 
classify each burst according to its maturation stage. Thus, day 12 
erythroid bursts were classified in (1) white-pink immature colonies 
(mainly composed of proerythroblasts and basophilic erythroblasts) 
and (2) orange-red mature clones (largely composed of polychro- 
matic and orthochromatic erythroblasts). Control studies involving 
pickup of single colonies and May-Griinwald staining of the cytocen- 
trifuged smears documented that immature or mature bursts com- 
prised <20% to 30% or =30% to 50% polychromatophilic-orthochro- 
matic erythroblasts respectively. 
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REACTIVATION OF HUMAN FETAL GLOBIN GENES BY BrdU 


Culture of day 4 CFU-E clones. Bone marrow specimens were 
obtained from hematology-oncology patients without marrow 
involvement prior to initiation of therapy. Monocellular marrow 
suspensions obtained as described? were enriched with immature 
erythroblasts and progenitors by standard procedures, 1e, two 
sequential density cuts (Ficoll-Hypaque, Pharmacia Fine Chemi- 
cals, Uppsala, Sweden) and then two rounds of adherent cell removal 
1n plastic flasks Cells were cultured in methylcellulose as described 
before (10° enriched marrow cells/mL). BrdU (1 ug/mL) was 
added on day | CFU-E clones (50 to 100 cells/colony) were labeled 
on day 3 and scored on day 4 


Radioactive Labeling of Globin Chains 
in Erythroid Colonies 


Erythroid bursts On day 12 of culture immature and mature 
bursts were recognized in situ, randomly picked up with a fine 
Pasteur pipette in 2- to 3-uL volume,” and labeled, either individu- 
ally or in pools of five colonies, in 10 uL of leucine-free RPMI 1640 
medium containing 25 to 50 Ci of ?H-leucine (specific activity, 
>100 Ci/mmol/L, Amersham, Great Britain) as described.”!” 
After a 16- to 24-hour incubation period, the colonies were washed in 
1 2 mL of cold saline (containing 5 x 10? carrier RBC) and stored at 
—30 °C. Globin synthesis was analyzed as will be indicated. 

Culture of day 4 CFU-E-derived clones  H-leucine (100 &Ci/ 
plate) was added at day 3 of culture Colonies were picked up by 
means of a thin Pasteur pipette and their pool, derived from three 
separate dishes, analyzed for globin chain synthesis. 

Control Experiments for BrdU cytotoxicity. These experiments 
were carried out to verify the possible cytotoxic effect induced by 
BrdU on the growth of erythroid bursts This agent was added at the 
various culture times and concentrations used here (see Results). 
Only IMDM was plated in control dishes. For each experimental 
point (comprising at least three replicate dishes), immature and 
mature bursts were scored and then separately pooled, washed, and 
resuspended in 1 mL of RPMI The number of viable cells (79595) 
was evaluated by the standard trypan blue technique (Flow Labora- 
tories, Great Britain) and their morphology analyzed on cytocentri- 
fuged smears stained with May-Griinwald plus Giemsa. Each pool of 
cells was subdivided 1n two aliquots. The first one was analyzed for 
its total Hb content according to methods described.” The second 
one was centrifuged and resuspended in 100 uL of RPMI containing 
100 uC: of *H-leucine (for further details see the preceding materi- 
al): globin synthesis and content were then analyzed in the same gel, 
as will be indicated. 

These studies allowed the evaluation of the following parameters: 
number of bursts per dish and of cells per burst, morphology of cells 
in each pool, Hb content per cell, and globin chain synthesis and 
content in each pool. 

Globin preparation and analysis. Globin prepared from stroma- 
free lysates by the acid acetone procedure was analyzed by means of 
isoelectric focusing (IEF) in the presence of Nonidet P-40 according 
to the methods described previously)? Gel fluorography and 
scanning of the exposed film were performed as described.” 

In some experiments, synthesis and content of globin chains was 
evaluated on the same gel: the latter parameter was analyzed by 
staining according to the Coomassie brillant blue method (Bio-Rad 
Laboratories, Richmond, Calif) followed by gel fluorography. 


RESULTS 


In the first series of experiments mononuclear cells from 
peripheral blood of normal adult volunteers were plated in 
methylcellulose culture and erythroid bursts grown and 
scored under standard conditions in the presence of various 
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BrdU concentrations (0.3 to 30 umol/L). When added on 
days 0 to 6 of culture, BrdU induces a dose-dependent 
decrease of the number of erythroid bursts scored on days 12 
and 13 as compared with untreated controls (Fig 1). How- 
ever, addition of 0.3 to 3.0 umol/L BrdU on days 8 and 10 
causes little or no inhibition as confirmed by analysis of 
variance (Fig 1). The relative synthesis of B-, 9»y-, and 
^y-globin was determined on day 12 by means of IEF of in 
vitro labeled ?H-globin. Control y/ y + 8 synthetic ratios 
ranged from 0.10 to 0.30 depending upon the maturation 
degree of the analyzed colonies and the FCS batch used." A 
marked increase of fetal globin production was observed at 
all tested BrdU concentrations for both early (day 6) and late 
addition times (days 8 to 10) (results not presented here). 
These experiments, although of potential interest, empha- 
sized the necessity to exclude the possibility that the action of 
BrdU on y-synthesis was due to toxic effects induced by this 
agent on erythropoietic cells growing in vitro. Therefore, a 
second series of studies was initiated to establish the experi- 
mental conditions allowing BrdU addition to culture without _ 
detectable toxic effects on erythroid proliferation and differ- 
entiation. As shown in Table 1, addition of BrdU at low doses 
(0.3 to 3.0 umol/L) and late addition times (days 8 or 10 in 
culture) did not modify the growth and differentiation of 
pooled erythroid bursts of the mature type as compared with 
control colonies. Equivalent results were obtained for imma- 
ture bursts pooled from the same plates. The evaluated 
parameters included the number of colonies per plate and 
cells per colony as well as the mean Hb content in each cell. 
Lack of variation in the colony number rendered unlikely the 
possibility that BrdU addition causes recruitment of a new 
cohort of BFU-E for differentiation in culture. It is also of 
interest that BrdU did not significantly modify the number 
of cells per colony, the mean Hb content per cell, as well as 
the efficiency of radioactivity incorporation (not shown) (as 
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Fig 1. Effect of BrdU addition at sequential days of culture on 


the growth of normal adult BFU-E colonies. The mean number of 
colonies from four different experiments is presented (10096 
value, 105.6 + 7.8 (mean + SD) colonies/ 3 x 10° light density 
blood cells). Analysis of variance indicated no statistical difference 
between the number of BFU-E colonies treated with 0.3 to 3.0 
pmol/L BrdU on days 8 to 10 and control values. 
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Table 1. BrdU Addition at Days 8 to 10 of Culture: Effect on 
BFU-E Cloning Efficiency and Hb Content per Cell on Day 12 








No of Cells Hb Content 
BrdU Addition Burst No. of Bursts per Burst per Cell 
(Day and Dose) Type per Dish (x 103) (pg) 
Controls Immature 44 6 1 10.8 
Mature 62.3 + 3.3 10.0 + 2.44 244-15 
Day 8 
0.3 umol/L Immature 42 6.0 10.6 
Mature 57.3+4.7 9442.4 226+5.6 
3.0 pmol/L Immature 33.1 ND ND 
Mature 483230 60+ 1.0* 256+20 
Day 10 
0 3 umol/L Immature 34 75 12.3 
Mature 66.0 + 1.3 10.3 + 3.5. 27.0: 32 
3.0 umol/L Immature 53 6.2 10.0 
Mature 57.5484 106-14 244+42 


Abbreviation: ND, not determined. 

*P < 05 when compared with control values. 

Mean + SEM values from three separate experiments for mature 
bursts. Only one experiment was performed for immature bursts For 
further details see the text. 


a single exception, the number of cells per burst upon 
addition of 3.0 wmol/L BrdU on day 8 is slightly but 
significantly diminished when compared with control values, 
P « .05). In conclusion, these control studies excluded the 
possibility that BrdU addition, at low doses (0.3 to 3.0 
umol/L) and late culture times (days 8 or 10), may exert 
toxic effects on erythroblasts, hampering their proliferative 
rate and/or their biochemical machinery for globin chain 
production. 

In a third series of experiments on globin synthesis, BrdU 
was therefore added only at late culture times (days 8 to 10), 
particularly at low doses (0.3 to 3.0 wmol/L), thus preclud- 
ing the possible impact of erythroid cell toxicity. Representa- 
tive results are summarized in Fig 2. In pooled bursts from 
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two different volunteers (nos. 8 and 44) comprising both 
immature and mature colonies, BrdU addition induces not 
only an approximate twofold increase of the relative propor- 
tion of fetal globin synthesis (0.24 — 0.43 and 0.32 — 0.55 
respectively), but also a significant rise of the y / Sy + Ay 
globin ratio (from 0.56 up to 0.66) (Fig 2A). The elevation of 
both parameters is more marked when evaluating selectively 
the pool of mature bursts (Fig 2B, volunteer 44), also 
resulting from the lower level in control mature colonies as 
compared with the pool of all bursts. In particular, the y / 
Gy + ^y ratio rises from a typical adult value of 0.40 to a 
fetallike level of 0.50 to 0.60.” 

It seemed also of interest to comparatively evaluate syn- 
thesis and content of globin chains in pooled BrdU-treated v 
control bursts of the mature type. As shown in Table 2, BrdU 
treatment induced a twofold increase of both relative y-chain 
synthesis level, and of the y / Sy + ^y ratio. In these 
experiments we have also evaluated the parameters assayed 
in the control studies mentioned before (number of bursts per 
dish and cells per burst, Hb content per cell, and morphology 
of cells in pooled bursts): the observed values were superim- 
posable with those in Table 1 (not shown). 

In the fourth series of experiments, single bursts at 
different stages of hemoglobinization (ie, either immature or 
mature) were individually labeled and analyzed: a marked 
rise of both the y / y + 8 and 9» / Sy + ^y ratios is observed 
only for mature colonies (Fig 3A and B). It is emphasized 
that BrdU was added on day 10 of culture, whereas the 
bursts were labeled as always on day 12. Since bursts 
matured on day 12 are essentially composed of early erythro- 
blasts on day 10, the rise of the relative y-chain synthesis in 
mature day 12 bursts may be explained by the action of 
BrdU on erythroblasts that are in these colonies on days 10 to 
12. 

Finally, the effect of BrdU addition (3 umol/L at day 1 of 
culture) on Hb synthesis has been evaluated in pools of 


060 


040 


Fig 2. Effect of BrdU addition on ^y/?y + 

030 ^y and Y/Y + B synthetic ratios in (A) pooled 
(immature plus mature) bursts from two dif- 
ferent normal volunteers (nos. 8 and 44) (left) 
and (B) pooled mature bursts from volunteer 44 
(right). BrdU was added on days 8 (A) or 8 and 
10 (B). Each point represents the mean value 
from at least three different pools. Analysis of 
variance showed that all the BrdU-treated val- 
010 ues significantly differ from corresponding con- 
trols (except for ^y/9y + ^y values at 0.3 


v/v +B 





30 pmol/L values in pooled bursts). For further 
explanations, see text. 
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Table 2. Comparative Analysis of the Effect of BrdU Addition on Globin Chain Content and Synthesis in Mature Bursts 





Content 


Synthesis 





Treatment yy +8 


yy vy 





yy +B 





Control 0.38 
BrdU (3 umol/L on day 8) 0.69 


0.26 0.26 
0.51 0.48 








See also the legend to Fig 3. 
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Fig 3. (A) Fluorogram of the IEF pattern of single mature 


bursts treated with BrdU on day 10 and labeled on day 12. Control 
bursts (0) are also presented. (B) Effect of BrdU addition of Sy / 
Sy 4. ^y and y / y + B synthetic ratios in single immature or mature 
colonies treated as above. Mean + SEM values are presented. 
Each point represents a minimum of five bursts. Key: *, P < .001; 
**, P < 0001 as compared with control values. 





erythroid colonies generated by day 4 CFU-E (also termed 
high-Ep-sensitive cells), which are closely related to pro- 
erythroblasts.*® Once again, a twofold increase of the y / 
(y + B) synthetic ratio has been observed in BrdU-treated 
clones as compared with control values (0.34 and 0.16 
respectively), thus confirming that BrdU modulates the 
y-chain synthesis in vitro at the erythroblast level. 


DISCUSSION 


Reactivation of y-globin genes in adult life is currently 
subject to intensive investigation. In this regard, various 
antiblastic drugs (5-azaC, hydroxyurea, vinblastine, etc) 
appear to increase HbF levels in vivo.” '* The present experi- 
ments report an in vitro model for this phenomenon based on 
the action of BrdU on erythroid colonies generated by 
normal adult BFU-E and day 4 CFU-E. 

Mechanisms underlying the in vivo action of antiblastic 
agents, particularly S-azaC, are still a matter of contro- 
versy. 55 Hypomethylation is generally linked to derepres- 
sion of eukaryotic genes": expression of e and y genes in 
purified embryonic or fetal erythroblasts is directly corre- 
lated with undermethylation in the corresponding domains, 
particularly in their 5’ flanking region.” It is debatable, 
however, whether 5-azaC acts by preventing the methylation 
of cytosine in the DNA. In f-thalassemic patients treated 
with 5-azaC, both the embryonic «- and the fetal y-globin 
gene domains are undermethylated, but only the latter is 
activated." On the other hand, 5-azaC-treated sickle cell 
anemia patients show a selective undermethylation of the 5' 
flanking region of y genes that is associated with enhanced 
y-globin synthesis." In view of these uncertainties, the 
alternative possibility was suggested that this cytotoxic, cell 
cycle-specific drug might preferentially kill rapidly dividing 
erythroid colony-forming units (CFU-E), thus recruiting 
earlier progenitors (BFU-E)? that retain an elevated HbF- 
synthetic potential." * This hypothesis, however, is not easily 
reconciled with in vitro experiments showing that normal 
adult CFU-E incubated for 24 hours with 5-azaC give rise to 
colonies with increased HbF content." Furthermore, sickle 
cell anemia and severe thalassemia patients administered 
with 5-azaC often show a very rapid rise of peripheral F cells 
as early as 24 to 48 hours after treatment'*”': this suggests 
but does not prove that the drug may also exert its action via 
a direct erythroblastic mechanism. 

In our in vitro experiments, BrdU cytotoxicity has been 
carefully excluded by appropriate control studies. Further- 
more, the relative y-globin synthesis and content is markedly 
enhanced in bursts matured on day 12 even if BrdU had been 
added as late as day 10 (ie, at a time when these colonies 
comprised essentially immature erythroblasts). Along these 
lines, addition of BrdU at day | of culture induces a 
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significant rise of the relative y-chain synthesis in day 4 
erythroid colonies generated by late CFU-E, which corre- 
spond to proerythroblasts.Ó It is hence concluded that, at 
least in these experiments, BrdU exerted its action essen- 
tially at the level of erythroblasts, particularly of immature 
type, whereas a major effect on early undifferentiated pro- 
genitors (BFU-E, day 7 CFU-E) is seemingly excluded. 

These in vitro observations represent the first direct evi- 
dence of modulation of y-synthesis in erythroblasts from 
normal adults. They clearly shed light on a model of regula- 
tion of HbF production in adult life and imply that modula- 
tion at the erythroblastic level may be a major control 
mechanism as previously postulated by our group. ^! 

At the molecular level, an intriguing interpretation of the 
BrdU effect on differentiating cellular systems was sug- 
gested by Weintraub et al.” BrdU incorporation in DNA at 
the place of thymidine might affect specific targets corre- 
sponding to genes involved in specifying new developmental 
programs (switching loci) and would therefore inhibit initia- 
tion of these programs. There is a clear analogy with our 
system because it is known that the peak of HbF synthesis 
occurs earlier than that of HbA in both adult” and fetal? 
erythroblast maturation: this implies a switch from an early 
to a late program for globin gene expression in the erythroid 
maturation pathway. It is then highly significant that BrdU 
increases HbF synthesis in mature but not in immature 
bursts. Furthermore, this effect is accompanied by an aug- 
mented Sy /Sy + ^y synthetic ratio, but only in mature 
colonies. We tentatively conclude that BrdU prevents the 
switch from a fetallike biosynthetic program in early 
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erythroblastic differentiation to the adult program expressed 
in later stages of maturation. 

As mentioned before, alternative interpretations seem 
unlikely. Indeed, the BrdU action on y-synthesis can hardly 
be attributed to a mitotic arrest at the early erythroblastic 
level since the number of erythroid cells per colony was not 
modified by addition of the drug. At the molecular level, a 
blockade of the biochemical machinery for globin chain 
synthesis by BrdU is seemingly excluded, since both the 
mean Hb content per cell and the efficiency of radioactivity 
incorporation are not modified by the drug. If our interpreta- 
tion is correct, further studies with labeled BrdU may allow 
the pinpointing of critical DNA regions involved in the 
globin gene expression switch during erythroid maturation, 
and also hypothetically in the analogous ontogenic Hb switch 
in perinatal life. 

It should be emphasized that our interpretation of the 
BrdU results does not necessarily refiect the increased HbF 
production induced by other antiblastic agents, particularly 
5-azaC. In this regard, 5-azaC induces activation of a variety 
of genes in numerous cell systems, ^ whereas BrdU provokes 
a blockade of gene activation” as postulated in these stud- 
ies. 

In conclusion, the in vitro model with BrdU addition 
suggests a drug-sensitive step in y-globin synthesis during 
the early phase of differentiation of normal adult erythro- 
blasts. It may hence contribute to future studies designed to 
pharmacologically manipulate globin gene expression, as 
well as shed light on mechanisms controlling HbF expression 
in normal adult life. 
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Childhood Ki-1 Lymphoma Presenting With Skin Lesions 
and Peripheral Lymphadenopathy 


By Marshall E. Kadin, Dianne Sako, Nancy Berliner, Wilbur Franklin, Bruce Woda, Michael Borowitz, 
Karen Ireland, Abe Schweid, Philip Herzog, Beverly Lange, and Ronald Dorfman 


We describe a large-cell lymphoma of activated lymphoid 
celis in six children and adolescents. The presenting clinical 
features of regressing skin lesions and peripheral lymphad- 
enopathy, sinus infiltration of lymph nodes, and infrequent 
tumor cell erythrophagocytosis resulted in initial diagnoses 
of malignant or regressing atypical histiocytosis in five 
cases. Binucleate and multinucleate tumor cells, some- 
times with prominent eosinophilic nucleoli, resembled 
Reed-Sternberg (RS) cells and occasionally were found in a 
cytoarchitectural milieu that was consistent with a diag- 
nosis of Hodgkin's disease (HD). The tumor cells did in fact 


TEIN ET AL have recently described a large-cell lym- 
phoma of activated lymphoid cells expressing a Hodg- 
kin's disease-associated antigen, Ki-1. This Ki-1 lymphoma 
is further distinguished histologically by a sinus pattern of 
lymph node infiltration simulating metastatic carcinoma or 
malignant histiocytosis. Among the 45 patients described by 
Stein et al the diagnostic biopsy site was the skin in three 
cases and lymph node in all but two of the remaining cases. 
Twenty percent of the patients were less than 20 years of 
age. 

Our purpose is to describe a clinicopathologic syndrome of 
frequently regressing skin lesions and peripheral lymphade- 
nopathy among children and adolescents with Ki-1 lympho- 
ma. These cases often presented a diagnostic dilemma 
because of their unusual clinical manifestations and histol- 
ogy suggesting malignant or regressing atypical histiocyto- 
sis. However, immunologic, cytochemical, and gene rear- 
rangement studies revealed an activated T cell origin for the 
malignant cells in four of six cases. 


MATERIALS AND METHODS 


Three patients with similar but distinctive clinical features, histolo- 
gy. and tumor cell phenotype were identified initially among a series 
of 47 unselected patients from multiple institutions with childhood 
lymphomas, an incidence of 6%. Upon reporting these results, three 
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express the HD-associated antigen Ki-1, but unlike most 
types of HD, the RS-like cells expressed common leukocyte 
antigen and were negative for Leu-M1. A T cell origin for 
the malignant cells was demonstrated with monoclonal 
antibodies in two cases, by focal staining for nonspecific 
esterase in one case, and by rearrangement of the J-chain 
genes for the T cell receptor in a fourth case. These studies 
provide further evidence that some cases previously inter- 
preted as malignant or regressing atypical histiocytosis and 
some types of HD are actually T cell disorders. 

® 1986 by Grune & Stratton, Inc. 


additional cases with similar features were then referred to one of us 
(M.E.K.), making a total of six patients presented in this study. All 
patients were under 20 years of age. 

In five cases, both lymph node and skin biopsy results were 
available for study. In a sixth case, only a biopsy of skin was taken. 
All patients had examination of peripheral blood, bone marrow 
aspirate, and trephine biopsy for tumor cells. Lymph nodes were 
fixed in B5 for routine histology. Skin biopsies were fixed in either 
B5 or formalin, although B5 gave better morphology of lymphoid 
cells. 

In each case, a corresponding piece of unfixed tissue was snap- 
frozen in isopentane or acetone cooled by dry ice and then used to 
prepare frozen sections of 5 to 6 my in thickness. Frozen sections 
were studied with monoclonal antibodies against cellular activation 
antigens including antigens expressed preferentially by Reed-Stern- 
berg cells of Hodgkin's disease?" (Ki-1, Leu-MI, HLA-DR. Tac, 
OKT9); T cell-specific antigens (T11,* Leu-1,? Leu-4,? T4, T$," 
3A1"); B cell-specific antigens (HLB-3," BI, B4/5 Leu-12," 
Leu-14'*) and surface immunoglobulin heavy and light chains (IgM, 
igD, x, A); macrophage-specific antigens (OKMI,? Leu-M3,” 
Ki-MI' Ki-M2,”! Ki-M3,” Ki-M4"'); and leukocyte common anti- 
gen (T200”) by use of an indirect immunoperoxidase method" or, in 
case 5, an alkaline phosphatase/antialkaline phosphatase tech- 
nique." A tumor cell suspension from case | was studied for rosette 
formation with sheep erythrocytes, IgG-coated bovine erythrocytes, 
and complement-IgM —coated erythrocytes as previously described.” 
Direct touch imprints or cytocentrifuge preparations of tumor cells 
were studied for the cytochemical enzymes myeloperoxidase, Sudan 
black B, acid phosphatase, and alphanaphthyl acetate or butyrate 
esterase as previously reported." 

DNA extractions were performed as described previously." Brief- 
ly, high-molecular weight DNA was prepared from a tumor cell 
suspension from patient 1. Cells were incubated overnight at 37 °C in 
0.5% sodium dodecyl sulfate (SDS) and 0.2 mg/mL proteinase K. 
This was followed by phenol-chloroform extraction and ethanol 
precipitation. DNA was digested with appropriate restriction 
enzymes, size-fractionated by agarose gel electrophoresis, and trans- 
ferred onto nitrocellulose paper by the method of Southern." Filters 
were hybridized to nick-translated, 32p-labeled probes of the immu- 
noglobulin heavy- and light-chain loci and of the 8-chain of the T cell 
receptor. The filters were then washed at 55 °C in 0.1% SDS and 
0.15 mol/L NaC1-0.0015 mol/L Na citrate prior to autoradiogra- 
phy. 


RESULTS 


Clinical findings. The clinical features at presentation 
as well as therapy, and follow-up data are summarized in 
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Table 1. Four patients were male, and two were female. 
Their ages ranged from 8 to 19 years. Three were white, two 
black, and one of Asian ancestry. Four patients presented 
with painful nodular skin lesions around the neck, chest, and 
upper or lower extremities, suggesting clinical diagnoses of 
insect bite or abscess. Cutaneous nodules developed in the 
remaining patients soon after their initial presentation of 
localized, tender lymphadenopathy. In three cases the skin 
lesions underwent temporary spontaneous regression a few 
weeks after their initial appearance but reappeared at the 
same sites shortly thereafter. Three patients received a trial 
of antibiotics with no response. Three patients had fever, and 
a fourth patient had night sweats at presentation. In patient 
3, who had no systemic symptoms at presentation, high 
fevers and weight loss developed upon relapse of his disease. 

At presentation no patient had a mediastinal mass, hepa- 
tosplenomegaly, or symptoms of gastrointestinal obstruction. 
The bone marrow was not involved, and no abnormal cells 
were found in the blood. Hemoglobin, WBC count, and 
y-globulin levels were within normal limits in all but the 
sixth patient who had a hemoglobin concentration of 10.2 g 
and a hematocrit value of 32%. Initial differential diagnoses 
of pathologists included malignant histiocytosis (four cases), 
regressing atypical histiocytosis (two cases), Hodgkin's dis- 
ease (one case), large-cell (immunoblastic) lymphoma (three 
cases), squamous carcinoma (one case), or nonmalignant 
inflammatory disease (two cases). In four of the six cases, 
treatment was delayed for weeks to months while uncertainty 
about the initial pathologic diagnosis was resolved. Four 
patients experienced relapse of their disease shortly after 
completing therapy. Relapses were noted first in the skin in 
new and original sites and later in the chest and/or abdomen. 
Temporary regression of skin lesions in patient 3 and confu- 
sion of a large ulcerated skin lesion with radiation necrosis in 
patient 4 caused delay in recognizing recurrent disease. 

Pathology. Lymph nodes showed similar architectural 
alterations in all cases. Sheets of basophilic or pale-staining 
tumor cells infiltrated the thymic-dependent paracortical 
regions and surrounded residual follicles of B lymphocytes 
(Fig 1). Moderate numbers of plasma cells and some small 
lymphocytes but no eosinophils or neutrophils were found 
among the sheets of tumor cells. Occasional diffuse fibrosis 
but no broad sclerotic bands of collagen were present. Most 
distinctive was the focal, often massive infiltration of subcap- 
sular sinuses imparting an appearance of metastatic tumor or 
malignant histiocytosis (Fig 2). A diagnosis of histiocytosis 
was supported by tumor cell erythrophagocytosis in touch 
imprints of a lymph node from case 1. Multinucleate Reed- 
Sternberg or Reed-Sternberg-like cells were sometimes 
found in a cytoarchitectural milieu that was consistent with 
Hodgkin's disease (Fig 3). 

In skin, there was no primary infiltration of the epidermis 
(epidermotropism) and no cells with cerebriform nuclei, 
making a distinction from mycosis fungoides possible in all 
cases. The tumor cell infiltrate was confined to the lower 
reticular dermis in four cases, but in two cases (nos. 4 and 6), 
the infiltrate was more extensive and involved the entire 
dermis, destroying skin appendages and focally ulcerating 
the epidermis (Fig 4). As shown in this Figure, the tumor 
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Fig 1. Large pale-staining tumor cells, including multinu- 
cleated cell (arrow) surround residual follicle (F) in lymph node of 
patient 5 (Hematoxylin-eosin stain [HE]: original magnification x 
200). 


cells in case 6 consisted of highly atypical mononuclear and 
multinucleated cells. Bone marrow biopsy specimens were 
normocellular in all but case 4 in which the marrow was 
slightly hypercellular. None of the specimens contained 
fibrosis or evidence of tumor cell infiltration. 

Cytochemistry. Four cases were studied cytochemically. 
In no case was there staining of tumor cells for myeloperoxi- 
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Fig 2. Subcapsular sinus infiltration of multinucleate tumor 
cells (arrows) in lymph node of patient 5 (HE; original magnifica- 
tion x 200). 
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Fig 3. 
environment consistent with Hodgkin's disease from lymph node 
of patient 5 (HE; original magnification x 400; current magnifica- 
tion x 300). 


Reed-Sternberg or Reed-Sternberg-like cell in cellular 


dase-, Sudan black B-, or periodic acid-SchilT- positive 
material. In case 1, most tumor cells contained a slight to 
moderate number of acid phosphatase- positive granules. In 
no case did tumor cells show diffuse staining for nonspecific 
esterases (macrophage pattern), but in case 3, 10% of cells 
stained focally in a pattern similar to that of mature T 
lymphocytes.” 

Immunohistochemistry. Interpretation of immuno- 
peroxidase stains was facilitated by the focal or compartmen- 
tal tumor cell infiltration of lymph nodes and dense tumor 
cell infiltration of skin. Tumor cells from cases 1 through 5 
were nonreactive with a panel of monoclonal antibodies 
directed against surface determinants of macrophage /histio- 
cytes (Table 2). No surface or cytoplasmic immunoglobulin 
or surface B cell antigens were found. In cases 5 and 6 some 
or all of the large tumor cells expressed the T cell antigen 
T11. Moreover, in case 5, there was staining of some tumor 
cells for the helper T cell antigen T4 although the exact 
percentage of cells stained was difficult to determine because 
of some background staining of tissue macrophage/histio- 





Fig 4. 


Lymphoid infiltration in ulcerated skin nodule of patient 
6 (HE: original magnification x 30; current magnification x22); 
inset of pleomorphic tumor cells, original magnification x 1,000; 
current magnification x 740). 
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cytes. In all cases the large majority of tumor cells expressed 
the cellular activation antigens HLA-DR (la-like), TAC and 
T9, and the Hodgkin's disease-associated antigen Ki-1 (Fig 
5). However, in contrast to most types of Hodgkin's disease 
other than the lymphocyte predominance type." staining of 
tumor cells for Leu-M1 antigen was negative (weak or 
equivocal Leu-MI staining was found in cytocentrifuge 
preparations of case 1). Also, unlike most forms of Hodgkin's 
disease other than the lymphocyte predominance type, 
staining of tumor cells for common leukocyte antigen T200 
was found in all cases. 

Rosette studies. In contrast to small normal T cells, the 
tumor cells in case 1 did not form E rosettes with sheep 
erythrocytes. Also, in contrast to normal macrophage-histio- 
cytes, the tumor cells in this case did not demonstrate surface 
receptors for IgG-coated erythrocytes or IgM- and comple- 
ment-coated erythrocytes and showed no in vitro phagocyto- 
sis of these reagents. 

Detection of T cell receptor B-chain rearrangement. We 
detected a unique rearrangement of the constant region C82 
in DNA from patient 1. As demonstrated in Fig 6, digestion 
with EcoRI and hybridization to the T cell receptor 3-chain 
probe revealed only germline fragments. Hybridization of 
the probe to Xbal digests of the same DNA, however, 
revealed a third band in addition to the two predicted 
germline bands. This is consistent with the presence of a 
monoclonal proliferation of T cells with a unique rearrange- 
ment of C82.? Similar studies using probes of the immuno- 
globulin gene loci showed only germline configuration of the 
DNA, consistent with a non-B cell origin of the tumor cells. 


DISCUSSION 


The six cases of childhood lymphoma reported here are 
remarkable for their similar clinical features, histopathology. 
and immunophenotype of tumor cells. Each patient had 
rapidly growing skin lesions. Signs of inflammation and 
temporary regression of skin lesions in three cases suggested 
a nonneoplastic process, and in two cases a reaction to an 
insect bite was suspected. Lymphadenopathy was confined 
initially to peripheral, usually regional, lymph nodes. The 
usual sites of disease in other childhood lymphomas were not 
initially affected. At presentation, there was no mediastinal 
or intra-abdominal mass and no bone marrow or CNS 
involvement. However, mediastinal and intra-abdominal dis- 
ease eventually developed in two of our patients and was 
found at presentation in some other children with Ki-l 
lymphoma who had no skin lesions and are not included in 
this report. 

The pathologic diagnosis was difficult in these cases. 
Because of the unusual histology and the unfamiliarity of 
most pathologists with this clinicopathologic syndrome, a 
variety of other diagnoses was reasonably made, including 
malignant or regressing histiocytosis, squamous carcinoma, 
Hodgkin's disease, or inflammation. A similar experience 
has been recorded for adult lymphomas of this histology and 
immunophenotype.’ The distinctive pattern of lymph node 
sinus and paracortical infiltration by large pleomorphic cells 
was consistent with malignant histiocytosis or metastatic 
carcinoma. The presence of Reed-Sternberg or Reed-Stern- 
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Table 2. Immunologic Results 
Patient 

Markers Antibody 1 3 4 5 6 

Hodgkin's disease associated Ki-1 + + + - * * 
Leu-M1 = — = e = 

Activation antigens HLA-DR + 4 + + + + 
TAC + + + - + + 

OKT9 + + + + + + 

T cell specific T11 - — - = + + 
Leu-1 - -— - - 

Leu-4 - - - = - B 

T4 - - - - + - 

T8 - — - — - 

3A1 - - - NA - 
B cell specific HLB-3 — — - — NA NA 
B-1 NA - NA NA = 
B-4 NA NA -— NA - NA 

Leu-12 NA NA NA - NA - 
Leu-14 - NA - -= NA NA 

slg (D,M,K,L) - - - NA - - 
Macrophage/histiocyte specific OKM1 NA NA NA - — NA 
Leu-M3 NA NA NA — - NA 
Ki-M1 - = - - NA NA 
Ki-M2 -— — - - NA NA 
Ki-M3 - - - - NA NA 
Ki-M4 E - - NA NA 

Hematopoietic T-200 E * 4 * * 4 





Abbreviation: NA, not assessed. 


berg-like cells was suggestive of Hodgkin's disease. How- 
ever, the large sheets of tumor cells, lack of reactive cells, and 
extensive sinus involvement would be unusual for Hodgkin's 
disease. Ulceration of skin lesions with associated inflamma- 
tion and temporary regression of skin lesions caused some 
hesitation about a diagnosis of malignancy. 
Immunophenotyping of tumor cells helped to clarify the 





Fig 5. 


Ki-1-positive tumor cells surround unstained lymph 
node follicle (F) in patient 3 (immunoperoxidase stain of frozen 
section; original magnification x 200). 


diagnosis and establish the distinctive character of this 
disorder. In each case the majority of tumor cells expressed 
the Hodgkin's disease-associated antigen Ki-1, but unlike 
most types of Hodgkin's disease,” the Reed-Sternberg-like 
cells in these cases were not reactive with antibody Leu-M1. 
A further distinction from Hodgkin's disease was the finding 
that the tumor cells were positive for common leukocyte 
antigen T200, an antigen usually not expressed on Reed- 
Sternberg cells??? This also helped to distinguish these cases 
from metastatic carcinoma or sarcoma, which are negative 
for common leukocyte antigen." An absence of macrophage- 
histiocyte antigens, lack of tumor cell rosette formation or 
phagocytosis of IgG-coated erythrocytes, and lack of diffuse 
cytoplasmic staining for nonspecific esterase distinguished 
these cases from malignant or regressing atypical histiocyto- 
sis. 

The T cell nature of the malignant cells was established by 
DNA analysis and studies with T cell-specific monoclonal 
antibodies in three cases. The pattern of cytochemical stain- 
ing for nonspecific esterase and tumor cell infiltration of 
thymic-dependent regions of lymph nodes was consistent 
with a T cell origin for the tumor cells in a fourth case. 
Similar cytochemical staining can sometimes be observed in 
certain B cell tumors and interdigitating reticulum cells. 
However, the tumor cells lacked several B cell antigens, 
surface and cytoplasmic immunoglobulin, and KiM1, KiM2 
antigens, which mark interdigitating reticulum cells. Thus 
the balance of evidence seems to favor a T cell origin for the 
majority of our cases as it does in the majority of Ki-1 
lymphomas of adults.' 

In one case (no. 5), the phenotype of tumor cells was 
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Probe: Bg! Bgl 


Organization of the human T cell receptor ĝ chain genes is shown in (A). The two constant region genes (C81 and C82) are 


diagrammed. Southern blot analysis was performed using a Bg/ll- Bg/ll probe from C62 that hybridizes equally to both constant regions. 
DNA was digested with EcoRi or Xbal. The restriction sites for those enzymes are shown. As illustrated in (B), digestion with EcoRI! 
revealed two hybridizing fragments consistent with a germline configuration of the C1 genes. Digestion with Xbal and hybrization to the 
probe revealed a third band that was not seen on digests of control DNA. consistent with a monoclonal population of cells with a unique 
rearrangement of the c2 genes. The germline fragments are marked by dashes. 


further defined as that of an activated helper T cell express- 
ing Ia, Tac, T9, T11, and T4 antigens. The phenotype of 
activated helper T cells expressing Hodgkins's disease— 
associated antigens has been reported previously by one of us 
(M.E.K.) in lymphomatoid papulosis, a chronic, usually 
self-healing skin eruption seen mainly in adults. However, 
in contrast to the patients described here who were clinically 
ill and had rapid development of lymphadenopathy in five of 
six cases, extracutaneous disease develops slowly in only a 
small proportion (4% to 20%) of patients with lymphomatoid 
papulosis.” A helper T cell lymphoma involving lymph nodes 
and skin in five adults was recently reported by van den Oord 
et al. However, they did not describe the peculiar pattern of 
lymph node involvement or the unique la+, Ki-1-- pheno- 
type of tumor cells observed in our cases. Nevertheless, the 
skin lesions of their patients were also nodular and non- 
epidermotropic. Grogan et al also reported nodular skin 
lesions in six of 11 elderly patients with aggressive peripheral 
T cell lymphomas.” Therefore, our patients may be part of a 
spectrum of patients of all ages who have a similar disorder. 

Stein et al have recently proposed a lymphoid origin for 
the tumor cells of Hodgkin's disease and certain large-cell 
lymphomas that resemble malignant histiocytosis.' Several 
of our Ki-l-positive large-cell lymphomas were initially 
interpreted as malignant histiocytosis or Hodgkin's disease, 


in part because no T or B cell antigens were detected. 
However, in one of these cases it was possible to demonstrate 
an underlying rearrangement of the genes for the @-chain of 
the T cell receptor. This is evidence supporting the concept 
that some types of Hodgkin's disease and other large-cell 
lymphomas that express Ki-1 antigen but lack lymphoid 
surface antigens may in fact be of T cell origin. 

It is therefore possible that some cases previously reported 
as cutaneous malignant or regressing atypical histiocytosis 
(RAH)? are actually T cell disorders. Our case | in which 
there was temporary regression of skin lesions and tumor cell 
erythrophagocytosis, both characteristics of RAH. had no 
lymphoid surface antigens but was proven to be a T cell 
disorder by gene rearrangement studies (Fig 6). In our case 6 
there were other features of RAH! such as epitheliomatous 
epidermal hyperplasia, frequent mitoses, and highly atypical 
mononuclear and multinucleated cells (Fig 4). The tumor 
cells of our case 5 had a similar phenotype (expressing 
OKT!11, but negative for Leu-4 (T3), Leu-1, and T4) to that 
of tumor cells in a case recently reported as cutaneous 
malignant histiocytosis by Dodd et al^ 

Thus it seems that these T cell lymphomas of the skin may 
be related to other extranodal T cell malignancies such as 
those involving the intestine in patients with celiac sprue that 
originally were thought to be malignant histiocytosis. 
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Erythrophagocytic T y-lymphoma, which initially involves 
the spleen, is another T cell malignancy resembling malig- 
nant histiocytosis.” Similar to the present cases, this T cell 
lymphoma showed a distinctive infiltration of sinuses and 
paracortical thymic-dependent regions of lymph nodes. Fur- 
ther immunologic and gene rearrangement studies can be 
expected to better define the broad spectrum of pathology 
and clinical behavior of T cell malignancies. Although the 
natural history and optimal therapy for this type of lym- 
phoma (Ki-! lymphoma) have not been defined, several 
points may be learned from this group of patients. The 
disease may present with spontaneouslv regressing skin 
lesions, causing confusion about a diagnosis of malignancy. 
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Two patients who received prompt administration of sys- 
temic combined drug chemotherapy have had complete 
remissions sustained for more than | year, whereas four 
patients who received radiation without chemotherapy or 
had delayed administration of chemotherapy had relapses in 
less than 6 months. Improved results are anticipated as 
clinicians and pathologists become more familiar with this 
disorder, leading to earlier diagnosis and therapy. 
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Erythrocyte-Endothelial Cell Adherence in Sickle Cell Disorders 


By Brian D. Smith and Paul L. La Celle 


Detachment of individual sickle erythrocytes from cultured 
endothelial cell monolayers has been evaluated by a fluid- 
shearing technique in an effort to quantitate adherence at 
shear forces that would be anticipated in the in vivo 
circulation. Nonirreversibly sickled cells (non-ISC) were 
more adherent at normal oxygen tensions than control 
cells. More than 1% non-ISC remained attached to the 
monolayer at forces greater than physiologic shear 
stresses in capillary and venous circulations, and many of 
the most avidly attached cells, once separated, immedi- 
ately reattached to adjacent endothelial cells. These data 
suggest that hemoglobin S-containing erythrocytes may 


N INCREASED FREQUENCY of erythrocyte adher- 
ence to the vascular endothelium has been postulated 

as a contributing factor in the vascular obstructive phenome- 
non of sickle cell anemia.'? In this disorder the flow distur- 
bances range from microvascular occlusive crises to arterial 
thromboses; these may result from both intrinsic erythrocyte 
abnormalities and plasma changes. The well-known rheo- 
logic abnormalities of the sickle cell are manifested in vitro 
by the elevated viscosity of packed cell suspensions! and 
decreased filterability, and in vascular occlusive crises with 
attendant elevation of levels of reactive proteins the abnor- 
malities are greater.*° In small in vitro channels of the 
capillary size range, there is an observed decrease in the 
hematocrit value* with reduction of apparent viscosity, find- 
ings also noted in normal animal models.’ The relatively low 
hematocrit value in sickle cell disease may result in a lower 
than normal capillary hematocrit value that would compen- 
sate for the increased viscosity and related increase in vessel 
wall shear stress that occur with the loss of cellular deforma- 
bility’ demonstrable in the irreversibly sickled cell (ISC) 
portion of sickle erythrocytes." A decrease in wall shear stress 
particularly in vessels typified by lower flow velocity would 
tend toward increased blood cell-endothelial cell contact and 
favor adherence, and if the sickle cell surface characteristi- 
cally were more adhesive, these flow dynamics and the sickle 
cell tendency for adherence could have important implica- 
tions for the pathophysiology of the disorder. Adherence of 
erythrocytes to the endothelium would be expected to con- 
tribute to abnormal flow dynamics by changing the local 
vessel geometry and thereby favor further cell accumulation 
and resultant occlusion. The specific mechanism by which 
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have a higher frequency of adherene in vivo in regions of 
low shear stress where prolonged erythrocyte—endothelial 
cell contact could occur. Some of these cells detached by 
shear force would subsequently reattach in in vivo condi- 
tions. Plasma-enhanced attachment frequency and plasma 
from blood in a case of sickle crisis caused further increase. 
These observations further support the concept that sickle 
erythrocyte-endothelial cell interaction may be a signifi- 
cant factor in initiation of vascular occlusive events in 
sickle cell disease. 

© 1986 by Grune & Stratton, Inc. 


adherence of sickle cells to the endothelium may produce its 
effect in occlusion has not been demonstrated; however, in 
vitro observations indicate a correlation between increased 
adherence observed in vitro and clinical severity,” and 
during the crisis state, the rate of erythrocyte-endothelial 
cell adherence increases. '? 

The postulated increased frequency of an in vivo adher- 
ence to endothelium has been interpreted from in vitro 
observations of sickle erythrocytes binding to cultured endo- 
thelial cells. In these experiments, binding was assessed by 
sequential washing of isotope-labeled erythrocytes from 
endothelial monolayer cultures with the assumption that 
residual binding after washes reflects the likelihood of adher- 
ence in vivo. The studies of Hebbel et al showed that 0.1% to 
1.0% of sickle cells remained adherent, thus demonstrating 
unique characteristics of sickle ceil-endothelial cell interac- 
tion and strongly supporting the proposed mechanism." 

More recently, Mohandas and Evans" have developed a 
direct quantitive measure to examine sickle-endothelia! cell 
adherence with results that demonstrated that 90% of sickle 
cells adhered in the presence of autologous plasma and one 
third of normal cells adhered in the presence of sickle 
plasma. The strength of sickle cell adhesion was nearly 50% 
greater than the control. Burns et al'^ did not detect signifi- 
cant differences between adherence properties of sickle cells 
and normal control cells in systems providing laminar flow 
conditions, but with vortex flow that promotes erythrocyte- 
endothelial cell contact, sickle cells were significantly more 
adherent than control cells. 

The purpose of the present study was quantitation of the 
retention of adherent sickle erythrocytes by endothelial cells 
as a function of applied fluid shear stress to determine 
whether erythrocytes remain attached at stresses typical of 
in vivo rheologic conditions. An abnormal frequency of 
adherence was observed at stresses typical of the calculated 
physiologic shear stresses of the microcirculation and 
arteries, thus providing support for the concept of a specific 
role for erythrocyte-endothelial cell interaction in the patho- 
physiology of sickle cell disease. 


MATERIALS AND METHODS 


Patients. Blood samples from five patients with sickle cell 
anemia confirmed by electrophoresis were studied. Two patients 
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(L.D. and A.H.) had no history of vascular crisis, one (T.J.) had been 
admitted for treatment of vaso-occlusive crisis, and two (A.T. and 
T.W.) had previous experience of vascular crisis but were asymp- 
tomatic at the time of study. Two patients (D.H. and R.M.) had 
sickle-thalassemia, were asymptomatic, and had no history of vascu- 
lar crisis. Tables | and 2 indicate the study group. Blood samples 
from 12 healthy volunteers served as controls. Informed consent was 
obtained in each instance. 

Erythrocytes. Venous blood was collected with citrate or hepa- 
rin as anticoagulant. There was no differnce in results obtained with 
one anticoagulant compared with the other, and no coagulation was 
apparent during the incubation experiments. Samples were centri- 
fuged at 2,300 g for 15 minutes to separate cells and plasma, and the 
plasma was centrifuged subsequently at 6,500 g for 30 minutes to 
remove platelets. Some erythrocytes were suspended in autologous 
plasma and others washed three times in isotonic phosphate buffer at 
physiologic pH and resuspended in this buffer. Suspensions for 
layering on the endothelial monolayer, glass, or plastic surfaces 
contained washed or unwashed cells mixed with either phosphate 
buffer plus albumin (5 g/L) or autologous plasma. To aid visualiza- 
tion final hematocrit values were less than 1%; however, there was no 
change in adherence, with hematocrit values ranging from less than 
1% to 25%, 

Endothelial cell cultures. Human umbilical veins were cannu- 
lated and infused with phosphate buffer to remove erythrocytes, then 
filled with Pronase (Calbiochem-Behring Corp, San Diego) for 20 
minutes at 37°C to loosen endothelial cells. The endothelial cells 
were collected, washed twice in hypotonic buffer to lyse contaminat- 
ing erythrocytes, mixed with McCoy's M-199 or 5A/1X powder 
culture media (GIBCO, Grand Island, NY), and layered on multiple 
1-em squares of plastic or glass. Thus, endothelial cells from the 
same cord were used for both control and sickle cell studies, which 
gave consistent, reproducible results. The culture medium was 
changed under sterile conditions at 24- to 48-hour intervals until the 
endothelium formed a confluent monolayer. 

Quantitation of erythrocyte adherence. Erythrocytes in phos- 
phate-albumin buffer were allowed to settle for 30 minutes at 37 °C, 


Table 1. Erythrocytes Suspended in Albumin Plus Isotonic Buffer. Erythrocyte Adherence to Cultured Endothelium for Individual Patients 
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forming a layer two to five cells deep on an endothelial monolayer. 
Under direct microscopic visualization and closed circuit video 
recording for later analysis, adhesion was studied on ten fields, each 
with an endothelial surface area sufficient to provide contact for 100 
erythrocytes. An initial local wall shear stress of | dyne/em’, an 
order of magnitude less than that normally found in the microcircu- 
lation, was induced by flow from a 12-um (internal diameter) glass 
pipette filled with phosphate buffer, causing nonadherent cells to 
move out of the field. Remaining adherent cells were subjected to 
progressively higher shear stress until separation occurred (Fig 1). 

In the studies the pipette was placed 10 um from the adherent 
erythrocyte, and positive pressure was applied to the pipette to 
produce flow that impinged on the cell. The 10-um distance was 
measured on the video screen (see Fig 1). Calculation of shear stress 
on the erythrocytes resting on the endothelial surface was based on 
the assumption that the parabolic distribution of the velocity profile 
in the pipette is maintained approximately over the short interval 
between the pipette tip and the individual erythrocyte under study. 
The flow velocity, a function of applied pressure, was determined by 
observation of the velocity of small axially flowing particles in the 
buffer in the pipette. Since the pipette axis is nearly parallel to the 
endothelial surface, the actual force on the cell is approximately 
equal to the product of the wall shear stress and the projected area of 
the erythrocyte. However, since the projected area or cross section of 
the cell perpendicular to the direction of flow is fairly uniform 
because of the similarity of erythrocyte diameter and volume, the 
wall shear stress proportional to the force is a practical expression of 
the force on the cell and permits estimation of in vivo dynamics from 
the in vitro experiment. 

Wall shear stress calculations for in vivo model pressure and vessel 
dimension measurements' provided approximate ranges for arteri- 
oles, capillaries, and venules. Calculations from other animal models 
demonstrated similar or lower values for in vivo wall shear stress. 


RESULTS 


The fluid shear stress required for separation of adherent 
sickle erythrocytes from the endothelial cell monolaver is 





Percent Adherence at Various Shear Stresses (SE) 








Subjects 1 dyne/cm? 10 dyne/cm? 20 dyne/cm* 30 dyne/cm? 58 dyne/cm? 

Sickle cell patients 

LD. 3.30 (0.73) 2.80 (0.63) 2.80 (0.63) 2.70 (0.65) 2.30 (0.59) 

A.T. 1.38 (0.13) 0.44 (0.05) 0.25 (0.03) 0.22 (0.03) 0.08 (0.01) 

E.W. 2.00 (0.99) 2.00 (0.99) 2.00 (0.99) 2.00 (0.991 2.00 (0.99) 

Ta 0.10 (0.10) 0.10 (0.10) 0.10 (0.10) 0.10 (0.10) 0.10 (0.10) 

A.H. 0.82 (0.24) 0.41 (0.12) 0.30 (0.09) 0.23 (0.07) 0.06 (0.02) 
Sickle-thalassemia patients 

P.H. 0.05 (0.01) 0.05 (0.01) 0.05 (0.01) 0.05 (0.01) 0.00 

RM. 0.43 (0.06) 0.29 (0.04) 0.29 (0.04) 0.14 (0.02) 0.07 (0.03) 
Controls 

B.S. 0.60 (0.10) 0.21 (0.02) 0.15 (0.02) 0.10 (0.02) 0.08 (0.01) 

C.S. 0.12 (0.04) 0.00 0.00 0.00 0.00 

B.F. 0.00 0.00 0.00 0.00 0.00 

D.K. 0.00 0.00 0.00 0.00 0.00 

A.M. 0.30 (0.03) 0.05 (0.01) 0.03 (0.01) 0.02 (0.01) 0.02 (0.01) 

C.C. 0.00 0.00 0.00 0.00 0.00 

D.J. 0.00 0.00 0.00 0.00 0.00 

E.K. 0.50 (0.11) 0.10 (0.02) 0.01 (0.02) 0.10 (0.02) 0.10 (0.02) 

M.A. (0.10) (0.05) 0.10 (0.05) 0.10 (0.05) 0.10 (0.05) 0.10 (0.05) 

J.M. 10.40) (0.07) 0.02 (0.01) 0.00 0.00 0.00 

F.S. (0.30) (0.04) 0.00 0.00 0.00 0.00 

S.C. 0.00 0.00 0.00 0.00 0.00 





SE, standard error. 
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Table 2. Erythrocytes Suspended in Autologous Plasma. Erythrocyte Adherence to Cultured Endothelium of Individual Patients 





Percent Adherence at Various Shear Stresses (SE) 








Subjects 1 dyne/cm? 10 dynescm? 20 dyne/cm? 30 dyne/cm* 55 dyne/cm? 
Sickle cell patients 
LD. 2.05 (1.12) 0.94 (C.71) 0.89 (0.66) 0.61 (0.61) 0.56 (0.55) 
A.T. 1.37 (0.29) 0.90 (C.19) 0.32 (0.03) 0.23 (0.02) 0.09 (0.01) 
T.J. 18.00 (4.00) 10.00 (5.00) 7.50 (5.50) 5.50 (4.50) 1.50 (1.50) 
A.H. 2.09 (1.13) 0.83 (C.49) 0.83 (0.49) 0.58 (0.33) 0.33 (0.16) 
Sickle-thalassemia patients 
P.H. 0.20 (0.05) 0.00 0.00 0.00 0.00 
R.M. 2.25 (0.18) 0.92 (0.12) 0.84 (0.10) 0.67 (0.10) 0.50 (0.10) 
Controls 
B.S. 1.58 (0.21) 0.87 (0.13) 0.61 (0.09) 0,43 (0.07) 0.12 (0.02) 
cs. 1.70 (0.33) 0.39 (0.12) 0.34 (0.10) 0.22 (0.06) 0.09 (0.02) 
0.50 (0.08) 0.36 (0.05) 0.27 (0.03) 0.19 (0.03) 


A.M. 1.11 (0.14) 





given for individual patients in Table 1 and depicted as the 
mean percent adherent cells v shear stress in Fig 2. The 
experiment in each case started 30 minutes after the erythro- 
cytes in buffer were allowed to settle on the cultured surface, 
and since study of each cell required approximately three 
minutes, the total exposure time of each subsequent cell 
increased by approximately three minutes over the predeces- 
sor, ie, the exposure time of cells was not uniform. However, 
there was no trend in the data to suggest that increasing 
pressures were required to detach cells studied late in the 
experiment, and thus, no consideration for the point in time 
of study of specific cells was given in the assembly and 
interpretation of the data. The variation of the frequency of 
control cell adherence to differing cultures of endothelial 
cells was less than 1% at the lower shear rates in the case of 
buffer suspensions and less than 2.0% in plasma; thus data 
have been expressed as a percentage of the control or 
experimental cells adherent at each shear stress rather than 
in the ratio of experimental to control cell or in normalized 
form. 

With gradually increasing shear stress, some sickle cells 
remained attached to the endothelial cells when subjected to 
calculated shear forces above the physiologic range as indi- 
cated by data from animal models. These persistently 
attached cells were located on the endothelial cell surface 
only, and thus the behavior appeared to reflect erythrocyte- 
endothelial cell surface interaction. Care was taken to avoid 
cells in regions of detectable surface artifacts since surface 
abnormality, eg, exposed glass surfaces, could explain resis- 
tance to detachment. Adherent cells that required large 
shear forces for separation frequently reattached instantly 





Fig 1. Photograph from a video monitor of an erythrocyte 
separating from a confluent endothelial monolayer in response to 
shear stress applied via a fluid-filled micropipette. 


upon recontact with the endothelial surface, and equally 
large shear forces were necessary to separate cells from 
subsequent readhesions. More than 95% of the adherent cells 
from sickle cell patients were non-ISC. The ISC that were 
adherent required lower shear stress for separation from the 
endothelium than the non-ISC. 

When erythrocytes were suspended in autologous plasma 
instead of buffer and albumin, adherence increased as shown 
in Table 2. The increased retention by the endothelial surface 
secondary to plasma was most pronounced in the low and 
intermediate shear stress ranges. For the three sickle cell 
patients not in vaso-occlusive crisis, the mean adherence in 
plasma was the same as the adherence in buffer with albumin 
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Fig2. Mean percentage of erythrocytes suspended in isotonic 
buffer plus albumin that are adherent to cultured endothelial 
monolayers at various shear stresses. Key: V, maximum venule 
shear stress; C, maximum capillary shear stress; A, maximum 
arteriole shear stress; heavy solid line with open squares, hemo- 
globin S erythrocytes; heavy solid line with closed squares, sickle- 
thalassemia erythrocytes; light solid line, control erythrocytes, 
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Fig 3. Percentage of erythrocytes suspended in autologous 
plasma that are adherent to cultured endothelial monolayers at 
various shear stresses. Key: heavy solid line, sickle crisis patient 
T.J.; light solid line, control patient B.S. 


and resembled adherence of control cells in plasma. This 
implies that an intrinsic cellular abnormality promotes sickle 
cell endothelial adherence in buffer and albumin, and this 
abnormality is not normally influenced by plasma unless a 
vaso-occlusive crisis occurs. For patient T.J., who was in 
vaso-occlusive crisis, the presence of autologous plasma 
caused adherence to increase by more than two orders of 
magnitude. This is depicted in Fig 3, which is a representa- 
tive experiment comparing cell adherence in a sickle patient 
with vaso-occlusive crisis with a control, each cell sample in 
autologous plasma. Addition of sickle crisis plasma to eryth- 
rocytes from a sickle patient not in crisis caused adherence of 
12% at low shear stress with a progressive decrease to 1% 
adherence at maximum shear stress. When autologous 
plasma is incubated at 60°C for one hour, it no longer 
augments adhesion. In studies of sickle and control cells, the 
presence of 600 mg/100 mL fibrinogen did not alter adher- 
ence. Since plasma pH might be expected to alter cell 
surfaces and plasma protein conformation, the effect of pH 
on erythrocyte adherence was studied. Variation of plasma 
or buffer pH over the range 6.5 to 8.0 did not influence 
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retention of erythrocytes by the cultered cell surface (Table 
3). 

Adherence to surfaces beneath the endothelium exposed 
by potential breaches in the endothelial monlayer was stud- 
ied. For control or sickle cells that were not washed, adher- 
ence to plastic or glass was nearly identical to adherence to 
endothelium. However, for washed cells there was a marked 
difference in adherence. Virtually 100% of washed cells 
resuspended in buffer and albumin became permanently 
adherent to glass or plastic surfaces, whereas adherence to 
endothelium was not affected by washing cells. This adher- 
ence was of such magnitude that the membrane remained 
attached even though the cell was destroyed by high shear 
force. When washed cells were reexposed to autologous 
plasma and suspended in buffer and albumin, only 3% 
demonstrated this irreversible adherence. These studies 
reemphasize the fact that the wash procedure may remove 
plasma protein from the erythrocyte surface and thus may 
contribute to behavior not expected of cells bathed in plasma 
proteins in the in vivo situation. Of interest, permanent 
adherence of washed cells to glass is eliminated by preexpos- 
ing the glass or plastic to the supernatant from endothelial 
cultures. This suggests that potential breaches in the mono- 
layer covering do not affect adherence characteristics and 
that endothelial cell products may play a role in modulating 
erythrocyte-endothelial cell interactions. 


DISCUSSION 


The key observation of the study is the demonstration that 
some sickle erythrocytes remain adherent to the cultured 
endothelial surface at shear stresses greater than those 
expected in the in vivo circulation at regions where obstruc- 
tive phenomena occur. Since these experiments were per- 
formed in the absence of platelets, the observation supports 
the earlier interpretation? that, in addition to intrinsic rheo- 
logic abnormalities of non-ISC, their tendency to adhere to 
endothelium may contribute as well to initiation of obstruc- 
tion. It is consistent with the conclusions of Kakukcelebi et 
al" in studies of umbilical cord vessels perfused with sickle 
cells. Based on these data, increased adhesion in the low-flow 
rate venous portion of the circulation would be likely, a 
suggestion that fits the concept of venous obstruction as 
either an actual one, the result of a rheologic plug of 
erythrocytes and platelets, or rheologically functional 
obstruction resulting from cell adherence to the venous wall 
and increased cell-to-cell interactions that increase resis- 
tance to flow. This also fits the prediction of Hochmuth et 
al^ that erythrocyte-endothelial cell adherence would be 
most feasible in regions of intermittent low shear stress. 


Table 3. Control Erythrocyte Adherence to Cultured Endothelium as a Function of pH at Various Shear Stresses 





Percent Adherence at Various Shear Stresses* 








pH 1 dyne/cm? 10 dyne/cm? 
7.37 0.16 0.04 
7.20 0.15 0.03 
6.98 0.16 0.04 
6.50 004 0.01 





*Minimum of 1,000 cells observed for each shear stress. 





20 dyne/cm? 30 dyne/cm? BB dyne/cm? 
003 003 002 
003 003 0.02 
003 003 0.03 
001 0.01 0.00 
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Approximately 5% of sickle cell patients experience occlusive 
episodes involving the CNS"; these correlate with large- 
vessel arterial disease.” In the high-velocity portions of the 
circulation, increased frequency of sickle erythrocyte move- 
ment from the axial stream to slower movement in the 
plasma layer adjacent to the endothelium might offer oppor- 
tunity for adhesion; however, vascular abnormalities aug- 
menting such cell movement to the vessel surface and also the 
presence of platelets probably are necessary for initiation of 
thrombous formation. 

An important observation is the enhancement of erythro- 
cyte—endothelial cell adhesion by the presence of plasma; this 
is similar to the studies of Mohandas and Evans.” The 
greater influence of plasma from blood obtained during 
sickle crisis clearly supports the earlier conclusion of Hebbel 
et al! from in vitro studies of sickle cell adherence to 
cultured endothelial cells. 

The specific basis for the abnormal retention of sickle cells 
by the cultured endothelial cells is not clear. Earlier sugges- 
tions that sickle cells were deficient in sialic acid, the 
principle determinant of surface charge, have not been 
confirmed," and the suggestion that the triggering feature is 
an abnormal distribution of sialic acid on the membrane 
surface has not been sustained by experiments.” Thus, 
although the phenomenon must involve the erythrocyte's 
outer membrane surface, definition of a molecular mecha- 
nism to explain the avidity is not yet available. It is of interest 
that pH has no important effect, since pH change probably 
influences binding of plasma proteins to the cell surface. 
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Attachment in these experiments occurs during the 30- 
minute incubation period when erythrocytes are resting on 
the endothelial surface, and during this interval in which the 
two membrane surfaces are very closely approximated, many 
biochemical processes may occur, the net result of which is to 
effect attachment. Although the initiating factors of the 
surface-to-surface interaction are not obvious, it is of interest 
that many adherent cells, after being separated from the 
endothelium, immediately reattach, suggesting that the sig- 
nificant phase of this interaction occurs very early in the 
contact of the cell surfaces or that the prior changes render 
the cells more liable to reattachment 

These studies may be interpreted to suggest that both the 
features of the sickle cell surface and plasma contribute to 
significant erythrocyte-endothelial cell adherence in sickle 
cell anemia. As reasoned by Hebbel et al"? the plasma factors 
may be the modulator of adherence in the pathophysiologic 
process, since erythrocyte membrane surface characteristics 
would be presumed to be relatively constant after the reticu- 
locyte stage. Reduced sickle cell deformability leading to 
relative obstruction or slowing of flow, membrane character- 
istics predisposing to adherence, and plasma factors may 
combine to produce the vascular phenomena typical of the 
disease. It seems probable that flow must be slowed suffi- 
ciently or local flow dynamics modified to produce opportu- 
nity for the sickle cell-endothelial cell contact leading to 
adhesion. This latter suggestion is supported by the observa- 
tion of Burns et al!* that vortex flow promotes significant 
erythrocyte—endothelial cell adherence for sickle cells. 
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Variables Influencing the Timing of Marrow Transplantation in Patients 
With Chronic Myelogenous Leukemia 


By George B. Segel, William Simon, and Marshall A. Lichtman 


The prognosis for patients with chronic myelogenous leu- 
kemia (CML) has improved only for patients who can 
receive marrow transplantation from a histocompatible 
sibling. The timing of the marrow transplant is made 
difficult by the high peritransplant mortality of 2096 to 3576 
and a group of patients with a prolonged chronic phase of 
CML, which can be identified on the basis of prognostic 
indexes (age, percent blood myeloblasts, spleen size, and 
platelet count). We have developed a mathematic model 
and computer program that consider age, prognostic 
index, and projected survival rate by transplantation to 
balance the risk of peritransplant mortality against the risk 
of delaying the transplantation of patients with Philadel- 
phia chromosome-positive CML. The computation as- 
sesses the risk of delaying transplantation; it does not offer 
the option of avoiding transplantation, since long-term 
survival ultimately requires transplantation. Three prog- 
nostic groups were considered as described by Sokal and 
co-workers (Blood 63:789, 1984) (I, best; Il, intermediate; 
Ill, worst prognosis). The computation used the projected 
survival rates of transplantation from the Seattle experi- 
ence and from the International Bone Marrow Transplant 


HE LIFE EXPECTANCY of the patient with chronic 
myelogenous leukemia (CML) treated with chemicals 
or radiation has not changed substantially over the past 50 
years. Although median survival has increased by 6 months 
to a year as a result of better medical treatment, the disease 
progresses to a highly lethal accelerated form in nearly all 
cases. Half of the patients with CML die within about 3 
years and more than 70% within about 5 years from the time 
of diagnosis.’ 

The advent of marrow transplantation from allogeneic 
sibling donors has led to an increase in the proportion of 
patients with CML surviving beyond 3 years. The decision of 
when to recommend marrow transplantation is made diffi- 
cult, however, by the high peritransplant mortality of 20% to 
35% and the ability to transplant successfully a significant 
proportion of patients (10% to 30%) after they enter the 
accelerated phase of the disease.’ In addition, the ability to 
identify patients who are likely to have a prolonged chronic 
phase of their disorder based on several prognostic indexes at 
the time of diagnosis makes the decision about when to 
recommend marrow transplantation even more complex.*” 

In this report we have developed a model that considers 
age, prognostic indexes, and the projected survival with 
transplantation in order to balance the risk of peritransplant 
mortality against the risk of delaying transplantation for a 
patient with Philadelphia chromosome (Ph!) positive CML. 


MATERIALS AND METHODS 
Calculation of Chance of Survival 


Basic calculation of chance of survival This analysis deter- 
mines the chance of survival from the time of diagnosis, that is, the 
proportion of the original population that achieves a normal life span 
if marrow transplantation is performed at some time after diagnosis. 
Figure 1 illustrates a hypothetical survival curve [S(t)] of patients 
with CML. The horizontal axis indicates years after diagnosis, and 
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Registry. As an example of the model's utility, we have 
determined the ratio of the calculated life expectancy to 
the normal life expectancy for hypothetical patients up to 
50 years of age in each of the three prognostic categories. 
A value of 2096 is used for patients who successfully 
receive transplants after the onset of the accelerated 
phase. The analysis allows assessment of the risk of 
delaying transplantation for a finite time in patients with 
CML. The importance of the method rests in its consider- 
ation of multiple variables, including the peritransplant 
mortality, transplant projected survival before and upon 
entering the accelerated phase, age, prognostic group, and 
other risk factors. The program permits a change in these 
parameters as new information or advances in treatment 
occur. This analysis does not replace the diagnostic delib- 
erations of the clinician. Rather, it provides a numeric 
framework for prognosis based on the currently available 
data. The physician in conjunction with the patient, not the 
algorithm, makes the decisions of whether and when to 
transplant. 

o 1986 by Grune & Stratton, Inc. 


the vertical axis indicates the surviving fraction of the original 
population of patients In this example approximately 6075 of the 
patients [S(T;)] survive 4 years without transplantation, and the 
probability of surviving 4 years without transplantation is therefore 
approximately 0.6. 

If at 4 years, the patient 1s still in the chronic phase of CML, has a 
histocompatible donor, and receives a marrow transplant, there is, 
for example, a 70% chance of long-term survival or cure after 
transplantation, ie, K — 0.7 The combined probability of surviving 
CML for 4 years and the transplantation procedure at the end of the 
fourth year equals the product of the survival fraction of the 
transplant (K) and the fractional survival at 4 years [S(T;)]; thus, 
KS(T,) = 0.7 x 0.6 = 0.42 or 42%. 

Correction for salvage transplantation during the accelerated 
phase prior to T, A fraction of patients, L, who develop acceler- 
ated disease during the 4-year period can be salvaged by marrow 
transplantation at the time that CML progresses. Up to T, the 
fraction of the original population that develops accelerated disease 
is [1 —S(t)], and at T, it is [1 S(T;)] (Fig 2). Thus, if L = 03 or 
30% and 1 — S(T,) = 04, then the product of 1 — S(T;) and L or 
0.12 should be added to the survival of patients who received 
transplants sucessfully at 4 years, making the chance of survival for 
all CML patients with a marrow donor 54% Thus, the chance of 
survival calculation, which includes both elective transplantation at 
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Fig 1. Calculation of the chance of survival and mean life 


expectancy without salvage. This Figure represents a hypothetical 
survival curve designated S(t) for patients with CML. In this 
example, bone marrow transplantation is performed at time T, 
when the fractional survival from the disease is 0.6. The combined 
probability of surviving CML for 4 years and the transplantation 
procedure is KS(T,). The chance of survival is equal to KS(T,) plus 
L[1 — S(T,)], which represents the correction for salvage trans- 
plantation during the accelerated phase of the disease prior to T, 
(Fig 2). The mathematical representation of the area under each 
portion of the survival curve is necessary for the calculation of the 
mean life expectancy. The derivation of these calculations is 
presented in the text. 


time T, and transplantation if accelerated disease develops before 
Ti, 1s as follows: 


Chance of survival beyond T, = KS(T,) + L [1 — S(T)]. (1) 


Calculation of Mean Life Expectancy 


Basic calculation of mean life expectancy The calculation of 
mean life expectancy, that is, the product of the proportion of 
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Fig 2. Calculation of the chance of survival and mean life 
expectancy with salvage. This Figure is similar to Fig 1 and 
represents a hypothetical survival curve designated S(t). The 
mean life expectancy is the product of the proportion of patients 
cured and the number of surviving years. Thus, the life expectancy 


with transplantation at time T, is equal to Áe'staa plus KS(T4) 
(T — T4). The survival curve is corrected for the proportion of 
patients who are salvaged by transplantation during the acceler- 
ated phase of the disease prior to T,. The corrected curve is 
designated S'(T,). The derivation of the calculation for mean life 
expectancy incorporating the salvage transplantation during the 
accelerated phase of CML is described in the text. 
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patients cured and the number of surviving years, provides an 
alternative index for prognosis and timing of marrow transplanta- 
tion We have chosen 70 years of age as the normal life span, and T is 
equal to 70 years minus the patient's age. To calculate the life 
expectancy with transplantation at time T,, we compute the area 
under the curve in Fig 1 up to time T, Added to this quantity is the 
area under the curve equal to the transplant survival fraction, 
KS(T|) multiplied by T — T,. Thus, 


Life expectancy (years) = f/"S(dt + KS (T) (T- T). Q) 


The calculation of the integral up to T, is most conveniently done 
by drawing a smooth curve through the survival data points (without 
transplantation) and reading the height of the curve at small, equal 
time intervals. The area within an interval is the width of the interval 
multiplied by the average of the height on the left and right edges of 
the interval. The height of the right edge of the interval ending at T, 
1s S(T,) (Fig 3). 

Correction for salvage transplantation during accelerated phase 
prior to T;. Life expectancy from the time of diagnosis to T, has 
been calculated for the various values of T and T, In this example 
we assume that patients survive to T, in the chronic phase of CML 
If, however, the disease accelerates during this time, there is still the 
possiblity of a cure using marrow transplantation."^ This survival 
fraction, L, should be included in the calculation of life expectancy 
The fraction of patients in whom accelerated disease develops up to 
time t, within the time T;, 1s [1 — S(r)] (Fig 2). At any point in time ¢ 
up to T,, those patients in whom accelerated disease has developed 
could receive transplants with a probability of success, L, or a 
probability of failure, (1 — L) Thus, the survival curve S(t) shown 
in Figs 1 and 2 is modified as shown by the dotted line S'(t) in Fig 2 
in which the nonsurviving fraction 1 — S(t) is multiplied by the 
factor 1 — L, and thus the surviving fraction is increased. Note that 
the quantity 1 — L indicates that if L is equal to 0 there are no 
successful transplants during the accelerated phase of the disease 
and there is no change in the survival curve. If L equals 1, then 1 — L 
equals 0, and all of the patients in an accelerated phase would receive 
transplants successfully, and the new survival curve (dotted lines) 
would be a horizontal line at the survival fraction equal to 1. In this 
example, the value for L is approximately 0 3; that is, 30% of those 
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FRACTIONAL SURVIVAL 


YEARS AFTER DIAGNOSIS 


Fig 3. Calculation of the integral up to T,. The area of the 


curve from time O to T, Á stadt is calculated by drawing a 
smooth curve through the survival data points and reading the 
height of the curve at small time intervals. The area within an 
interval is the width of the interval multiplied by the mean height 
of the left and right edges of the interval. The height of the right 
edge of the interval ending at T, is S(T,). The area under the curve 
after the time of bone marrow transplantation T, is equal to 
KS (T4) (T — T,) (see text). 


TIMING OF MARROW TRANSPLANTATION IN CML 


patients entering an accelerated phase can be salvaged by treatment 
with marrow transplantation 

The possibility of long-term survival after transplantation during 
the accelerated phase of disease increases both the chance of survival 
(see the preceding material) and the calculated life expectancy. 

To evaluate life expectancy: 
Replace S(t) in the integral of equation 2 by: 


S()-1-[1-S())(1—-L)-S()«L[1—S(0] (3) 


and add [S'(Tj) — S(T)](T — Tj), which is the increment in 
survival rate resulting from transplantation in the accelerated 
phase. 








Life expectancy = 14 "grade 
+ [KS(T,) + S(T) - SST))(T- Tj) (4) 


[S soa- [^to + Lp - sce 


T 
-wn«G-D "soa (5 
KS(T,) + S'(T,) - ST) = ST) + L[1-S(T)] (6) 


Life expectancy = LT, + (1 — L) I "S(pdt 
+ (T -T)[L + (K - DS(T)] (7) 
Life expectancy (years) = LT + (K — L)S(T,) (T — Ty) 


-a-D "soa. 8) 


This latter result appears complicated because the acute-phase 
transplantation can occur at any time within T; and because the 
factor L already includes the transplantation risk. However, the 
computation is easily done using the computer program listed in the 
attached Appendix. 


RESULTS AND DISCUSSION 


We have established a mathematic analysis in which two 
prognostic indexes can be calculated for a group of patients 
with Ph'-positive CML: the chance of survival, ie, chance of 
living a normal life span, and the mean life expectancy for a 
CML patient. Without marrow transplantation, life expec- 
tancy 1s limited, and patients die at rates shown in Fig 4 for 
each of three prognostic groups (see the following). For 
those patients with a histocompatible donor, marrow trans- 
plantation provides the potential for cure. The object of this 
analysis is to permit a more precise assessment of how long a 
patient can delay transplantation without incurring undue 
risk. The mathematic calculation considers the age of the 
patient, the prognostic category of the patient's disease, the 
projected survival rate for allogeneic marrow transplanta- 
tion, and the projected salvage of patients by transplantation 
1n whom accelerated disease develops. 


Calculated Life Expectancy 


All eligible patients with CML require transplantation to 
permit the possibility of normal life expectancy. The pro- 
jected survival for allogeneic marrow transplantation in 
CML patients taken from data published by the Seattle 
group is 55%,* by the UCLA group is 70%, and by the 
International Bone Marrow Transplant Registry is 65%} 
These results include patients from 5 to 50 years of age 
without regard for prognostic factors. The projected salvage 
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Fig 4. Survival curves of CML according to prognostic group 
without transplantation. The percentage of patients with CML 
who survive at each time up to 5 years after diagnosis is shown for 
each of three prognostic groups as defined by Sokal et al.” The 
designation of the prognostic group depends upon the age of the 
patient, the spleen size, the platelet count, and the percentage of 
myeloblasts in the blood. 


rates of patients transplanted after developing accelerated 
disease or blast crisis are, respectively, 15% and 15% in the 
Seattle study, 35% and 10% in the UCLA study,” and 40% 
and 10% in the International Bone Marrow Transplant 
Registry study.? 

In the following. analysis we have determined the calcu- 
lated life expectancy for a cohort of 20-year-old patients, 
assuming a 65% projected survival after transplantation in 
chronic phase and a 20% projected survival after transplan- 
tion 1n the accelerated or blastic phase of CML as being 
representative of the published studies.” 

The maximum calculated mean life expectancy is 0.65 of 
the normal life expectancy of a 20-year-old, in this case the 
remaining 50 years (70.— 20 years). Thus the calculated 
mean life expectancy is 32.5 years if the patients receive 
transplants at the time of diagnosis (Fig 5). This calculated 
life expectancy decreases as transplantation is delayed from 
the time of diagnosis (lower curve). When the calculation is 
adjusted for a 20% projected survival for patients who 
received transplants during the accelerated phase or blast 
crisis, the overall slope of the curve is more shallow (Fig 5). 

Table 1 shows the data for the upper curve of Fig 5, ie, 
calculated life expectancy with a 65% projected survival 
after transplantation in the chronic phase and a 20% pro- 
jected survival with transplantation in the accelerated phase 
of CML. We have calculated two types of prognostic curves 
from these data to assess the impact of delay in transplanta- 
tion. The first is a ratio of the calculated mean life expec- 
tancy to the normal life expectancy (CLE/NLE) expressed 
as a percentage (Table 1). The second is the chance of 
survival, which is calculated at a given time as the sum of the 
proportion of patients “cured” by allogeneic transplantation 
during chronic and accelerated phases of CML. The initial 
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Fig 5. Calculated mean life expectancy without and with a 
20% rate of salvage for transplant recipients during the acceler- 
ated or blastic phases of CML. The calculated mean life expec- 
tancy is shown for a cohort of 20-year-old patients with a 65% 
survival after bone marrow transplantation and a 2096 salvage rate 
for transplantation during the accelerated or blastic phase if this 
occurs prior to the time chosen for transplantation, T,. The initial 
point on the curve, 32.5 years, represents the maximal life 
expectancy if transplantation is performed at the time of diag- 
nosis. In this case it is 0.65 of the normal life expectancy of a 
20-year-old, ie, the remaining 50 years (70 — 20). 


point on these curves, .65, is both the CLE/NLE ratio and 
the chance of survival if transplantation is performed at the 
time of diagnosis. The curves are similar, especially in the 
early phase of the disease (Fig 6). They diverge if transplan- 
tation is delayed, and the divergence is greater in older 
patients (not shown). The chance of survival is less favorable 
than the CLE/NLE ratio because it does not include the 
survival time prior to transplantation. Importantly, the 
curves are nearly flat during the first year after diagnosis, 
and there is a negligible risk of delaying the transplant for 1 
year in this hypothetical patient. 


Table 1. Calculated Life Expectancy for 20-Year-Old Patients in 
Prognostic Group 2 With a 6596 Projected Survival After 
Transplantation in Chronic Phase and a 2096 Projected Salvage 
After Transplantation in Accelerated Phase or Blast Crisis 














Transplantation Calculated Life CLE/NLE Chance of 
Time Expectancy (yr) (96) + Survival (96) 
0 32.5 650 650 
05 32.2 64.4 64 1 
1 31.7 63.4 62.7 
15 303 607 59.6 
2 28.7 575 560 
25 27 1 54.3 52.4 
3 25.5 51.1 48.8 
35 23.5 471 44.3 
4 22.2 444 41.1 
45 21.2 42.5 38.9 
5 20.5 410 37.1 
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Fig6. CLE/NLE ratio and chance of survival. These prognostic 
curves assess the impact of delay from the time of diagnosis to 
bone marrow transplantation on the prognosis in patients with 
CML who have a histocompatible donor. The curves represent 
data for a cohort of 20-year-old patients with a 6596 survival after 
transplantation in the chronic phase and a 2096 success of trans- 
plantation in the accelerated or blastic phase of CML. The CLE/ 
NLE is the ratio of the calculated mean life expectancy to the 
normal life expectancy expressed as a percentage. The chance of 
survival is calculated at a given time as the sum of the proportion 
of patients cured by allogeneic transplantation during the chronic 
and accelerated phases of CML. 


Influence of Prognostic Group 


A variety of variables has been correlated with prognosis 
in CML.* The data supporting an association between 
historic factors and prognosis are weak.^!9!? However, there 
is substantial support for liver and spleen size, ^! ? myelo- 
blasts in the blood^"!2? and bone marrow,S^"^ basophil- 
ia,™!>! and thrombocytopenia or thrombocytosis?^10-131617 as 
indicators of prognosis. The Philadelphia chromosome $7?912? 
and myelofibrosis!*? also are prognostic findings. 

Tura and his co-workers established the relationship of six 
clinical features to overall prognosis? These include spleen 
size, liver size, blood progranulocytes and myeloblasts, total 
white count, and platelet count. Three prognostic groups 
were established from these data. The best prognostic group 
had no or one negative prognostic feature, the intermediate 
group had two or three negative prognostic features, and the 
worst prognostic group had four or more negative prognostic 
features? These data were developed from two series of 
patients with CML, one containing 116 patients and the 
other containing 139 patients. A similar prognostic grouping 
was established by Sokal and co-workers, who analyzed data 
from 813 chronic-phase, Ph!-positive patients with CML 
who were studied at six medical centers.’ In this study the 
prognostic factors were determined using Cox’s proportional 
hazard model for covariant analysis. Sokal and co-workers 
developed a hazard ratio function based on the age of the 
patient, the size of the spleen, the platelet count, and the 
percentage of blasts in the blood.’ We have chosen to use 
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Fig 7. Influence of prognostic group on the CLE/NLE ratio. 
The CLE/NLE is the ratio of the calculated mean life expectancy to 
the normal life expectancy expressed as a percentage. In this 
analysis the prognostic group was determined from a hazard ratio 
function based on the patient's age, spleen size, platelet count, 
and the percentage of blasts in the blood as described by Sokal et 
al.” The curves represent data for a cohort of 20-year-old patients 
with a 6596 survival after transplantation in the chronic phase and 
a 2096 success of transplantation in the accelerated or blastic 
phase of CML. 


Sokal and co-workers' calculation of the hazard ratio func- 
tion so that the prognostic group can be determined from the 
patient characteristics. This calculation is incorporated into 
the computer program. 

Evaluation of a 20-year-old patient with chronic-phase 
CML is shown in Fig 7. The projected survival after marrow 
transplantation is 65%, and the projected salvage by trans- 
plantation in the accelerated phase is 20%. The ratio 
CLE/NLE is shown for the three prognostic groups. The 
initial points represent transplantation at the time of diag- 
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nosis and cannot be greater than the projected survival for 
transplantation in the chronic phase, ie, 65%. For the first 
and second prognostic groups the analysis indicates that the 
CLE/NLE ratio is unchanged and thus marrow transplanta- 
tion could be delayed for 1 year with little additional risk. In 
contrast, the CLE/NLE ratio for patients in the third 
prognostic group begins to fall sharply 6 months after the 
time of diagnosis. This analysis indicates that the least risk 
would be incurred if marrow transplantation was performed 
immediately for patients in the worst prognostic group. 


Influence of Patient Age 


Younger patients fare better after marrow transplanta- 
tion. Of 34 transplant recipients under the age of 30 in 
Seattle, the projected survival was 58%, whereas of 33 
patients over the age of 30 years, the projected survival was 
40%.* In patients accumulated from 36 centers by the 
International Bone Marrow Transplant Registry, projected 
survival was 82% in 14 patients under 25 years of age and 
52% in 25 patients over 25 years of age. We have determined 
the CLE/NLE ratio for two hypothetical patients aged 20 
and 40 years in each of the three prognostic categories using 
the percent survival by age group from Seattle and the 
International Bone Marrow Transplant Registry (Figs 8 and 
9). A value of 20% was used in this analysis for the salvage of 
patients who were transplanted after onset of the accelerated 
phase. 

For patients aged 20 years in prognostic categories I and 
II, a delay of 1 year prior to transplantation posed little 


“additional risk to overall survival, in contrast to those 


patients in prognostic group III where the CLE/NLE ratio 
fell at an accelerated rate after 6 months (Fig 8). The result 
was similar in the analysis of the data from Seattle or the 
International Bone Marrow Transplant Registry. 

For those patients 40 years of age, it was no longer clear 
that transplantation for group III patients should be under- 
taken within the first 6 months (Fig 9). In the Seattle series, 
the CLE/NLE ratio did not decrease significantly until 1 
year following diagnosis. The International Bone Marrow 
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Fig 8. Influence of patient age on the 

CLE/NLE ratio in a 20-year-old cohort. The 

CLE/NLE is the ratio of the calculated mean 

life expectancy to the normal life expec- 

tancy expressed as a percentage. In this 

analysis the CLE/NLE ratio was calculated 

for the three prognostic groups using the 28 

published success rates for transplantation 

from Seattle and from the International 

Bone Marrow Transplant Registry (IBMTR). 
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Fig 9. Influence of patient age on the 
CLE/NLE ratio in a 40-year-old cohort. The 
CLE/NLE is the ratio of the calculated mean 
life expectancy to the normal life expec- 
tancy expressed as a percentage. In this 
analysis the CLE/NLE ratio was calculated 
for the three prognostic groups using the 
published success rates for transplantation 
from Seattle and from the IBMTR. This 
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Transplant Registry series had a higher projected survival 
for transplantation of older patients (52% v 40%). The 
increased projected survival for transplantation results in a 
slightly more rapid decrease in the CLE/NLE ratio in group 
III patients reported by the International Bone Marrow 
Transplant Registry. Although transplantation should even- 
tually be performed to achieve a normal life span in any of 
the patients, its delay may be justified when one considers the 
patient's age and the projected survival with transplanta- 
tion. 


Other Risk Factors 


Our analysis is based on the assumption that the delay in 
transplantation does not diminish the success of the proce- 
dure. There is a suggestion in studies performed in Seattle 
that there may be a decreased efficacy of transplantation as 
the duration of chronic phase of CML increases." A risk of 
this type could be incorporated into the analysis if this 
observation is substantiated. The computer program includes 
the option for inserting a factor less than 1 to indicate 
decreased projected survival for transplantation with 
increasing duration of chronic phase. If, for example, a 
1-year delay results in only 8095 of the projected survival for 
a transplantation performed at the time of diagnosis, a factor 
of 0.8 rather than 1.0 could be entered, and the CLE/NLE 
ratio would decrease as transplantation is delayed. 

A second assumption is that successful transplantation 
results in a normal life span. Since no data are available, we 
have used a life span of 70 years for the purpose of analysis. 
If future clinical studies indicate a shortened life span after 
transplantation, a value less than 70 years can be entered into 


Figure may be compared with Fig 8, which 
provides a similar analysis for 20-year-old 
patients. 


the program. We have conducted an analysis at a life span of 
60 years for transplant recipients, and little change was 
observed in the shape of the CLE/NLE ratio curves, 
although a shortened life span tends to make early transplan- 
tation less desirable. 

A related assumption is that the projected survival for 
transplant recipients already incorporates those patients who 
relapse after transplantation. If late posttransplant relapse 
reduces the survival further, the new, lower rate can be used 
in the analysis when this 1nformation becomes available. 
Such late relapse would tend to favor the delay of transplan- 
tation. 


How To Assess The Computed Data 


The model incorporates the impact of a patient's age, 
prognostic group, and the success rate of transplantation. 
The program computes a prognostic parameter, the CLE/ 
NLE ratio, which applies to a group of patients with similar 
characteristics. The CLE/NLE ratio is a summary state- 
ment of the risk of delaying marrow transplantation in CML. 
The ratio thus provides a specific concept that can be used to 
weigh treatment alternatives, and a common language for 
assessment of multiple variables by physicians who care for 
patients with CML.. 

The information should be used to integrate the observed 
variables and aid the physician and patient in the decision of 
when to transplant. The patient's and physician's own per- 
sonalities and nonmedical factors in the patient's life will also 
play a role in the timing of transplantation. The program, 
however, helps the physician and the patient to make an 
informed decision. 


REFERENCES 


1 Champlin RE, Golde DW: Chronic myelogenous leukemia 
Recent advances. Blood 65:1039, 1985 


——--2 Champlin R, Mitsuyasu R, Elashoff R, Gale RP: The role of 


i ‘bone marrow transplantation in the treatment of chronic 
“Myelogenous leukemia, in Gale RP (ed): Recent Advances in Bone 
Matrow Transplantation. New York, Liss, 1983, p 141 


f 


f 


3. Speck B, Bortin MM, Champlin R, Goldman JM, Herzig RH, 
McGlave PB, Messner HA, Weiner RS, Rimm AA: Allogeneic bone 
marrow transplantation for chronic myelogenous leukaemia. Lancet 
665, 1985 

4. Thomas ED, Clift RA, Fefer A, Appelbaum FR, Beatty P, 
Bensinger WI, Buckner CD, Cheever MA, Deeg HJ, Doney K, 


TIMING OF MARROW TRANSPLANTATION IN CML 


Flournoy N, Greenberg P, Hansen JA, Martin P, McGuffin R, 
Ramberg R, Sanders JE, Singer J, Stewart P, Storb R, Sullivan K, 
Weiden PL, Witherspoon R: Marrow transplantation for the treat- 
ment of chronic myelogenous leukemia. Ann Intern Med 104.155, 
1986 

5. Tura S, Baccarani M, Corbelli G. Staging of chronic myeloid 
leukaemia Br J Haematol 47:105, 1981 

6. Cervantes F, Rozman C: A multivariate analysis of prognostic 
factors in chronic myeloid leukemia. Blood 60:1298, 1982 

7. Sokal JE, Cox EB, Baccarani M, Tura S, Gomez GA, 
Robertson JE, Tso CY, Braun TJ, Clarkson BD, Cervantes F, 
Rozman C: Prognostic discrimination in ““Good-Risk” chronic gran- 
ulocytic leukemia. Blood 63:789, 1984 

8 Sjogren U, Brandt L, Mitelman F: Relation between life 
expectancy and composition of the bone marrow at diagnosis of 
chronic myeloid leukaemia. Scand J Haematol 12:369, 1974 

9. Kardinal CG, Bateman JR, Weiner J: Chronic granulocytic 
leukemia. Arch Intern Med 136:305, 1976 

10. Schilling RF, Crowley JJ: Prognostic signs in chronic myelo- 
cytic leukemia. Am J Hematol 7.1, 1979 

11. Haanen C, Hellriegel KP, Machin D: E.O R.T.C. Protocol 
for the treatment of good-risk patients with chronic myelogenous 
leukemia. A randomized trial. EORTC News 803, 1978 


1061 


12. Gomez GA, Sokal JE, Walsh D: Prognostic features at 
diagnosis of chronic myelocytic leukemia. Cancer 47:2470, 1981  : 

13. Jacquillat C, Chastang C, Tanzer T, Weil M, Pereira-Neto 
M, Gemon-Auclerc MF, Schaison G, Domingo M, Boiron M, 
Bernard J: Factors de pronostic de la leucemie myeloide chronique. 
A propos de 798 observations. Nouv Rev Fr Hematol 15:229, 1975 

14. Gralnick HR, Harbor J, Vogel C: Myelofibrosis in chronic 
granulocytic leukemia. Blood 37:152, 1971 

15 Clough V, Geary CG, Hashmi K, Davson J, Knowlson T: 
Myelofibrosis in chronic granulocytic leukaemia. Br J Haematol 
42.515, 1979 

16. Mason JE, DeVita VT, Canellos GP: Thrombocytosis in 
chronic granulocytic leukemia: Incidence and clinical significance. 
Blood 44:483, 1974 

17. Monfardin S, Gee T, Fried J, Clarkson B. Survival in chronic 
myelogenous leukemia: Influence of treatment and extent of disease 
at diagnosis. Cancer 31:492, 1973 

18. Buyssens N, Bourgeois NH: Chronic myelocytic leukemia 
versus idiopathic myelofibrosis: A diagnostic problem in bone mar- 
row biopsies. Cancer 40:1548, 1977 

19. Cox DR: Regression models and hfe tables J R State Soc 
(Series B) 34.187, 1972 


APPENDIX 


Program Listing of CMLPROG BAS 
10 REM CMLPROG.BAS: CALC OF BOTH CLE/NLE AND CHANCE OF SURVIVAL 


15 WIDTH 80 

20 DIM S(10, 3): SCREEN O, 0, O COLOR 7, 1, 1 KEY OFF CLS 
30 DIM TXP (20), CALC (20), CLE (20), CHANCE (20) 

40 PRINT PRINT PRINT: PRINT: PRINT 


50 PRINT” SSPE RHEE EHH EE EE EEE EERE ESET EE EEE EE EEE SERRE HERE RRR RED 
60 PRINT ” LEERE E LEETE E 
70 PRINT " ****** TIMING OF BONE MARROW TRANSPLANTATION IN CML ****** 
80 PRINT” cmm LEETE 
90 PRINT " ****** G.B. SEGEL | W. SIMON AND MA LICHTMAN ****** 
100 PRINT " LE EEE ES LE EOE E Ed 
110 PRINT” — ****** UNIVERSITY OF ROCHESTER SCHOOL OF MEDICINE ****** 
120 PRINT " ETAN ROCHESTER, NEW YORK 14642 vetere 
130 PRINT " nenene terase 
140 PRINT” SRE EEH EEE REESE SEHR ERSREEHHEEHREEHEEEEHEAR EPEE EPEE 


150 PRINT. PRINT: PRINT. PRINT: PRINT 

160 PRINT “PRESS ANY KEY TO CONTINUE” 
170 AS=INKEY$ IF A$-"" THEN 170 

180 CLS 

190 FOR M=0 TO 10: READ S(M, 1): NEXT M 
200 FOR M=0 TO 10. READ S(M, 2): NEXT M 
210 FOR M=0 TO 10: READ S(M, 3): NEXT M 


220 PRINT “SURVIVAL PREDICTION FOR CML PATIENTS TREATED WITH BONE MARROW TRANSPLANT” 


230 PRINT 

240 PRINT 

250 PRINT 

260 INPUT "ENTER PATIENT'S AGE (YEARS) "; AGE 
270 IF AGE >50 GOTO 2030 

280 CLS: PRINT 


290 INPUT "ENTER TOTAL MEAN LIFE SPAN (NORMAL —70) (YEARS) "; DAGE 


300 PRINT 
310 T2DAGE —AGE: PRINT: PRINT: CLS 
320 PRINT 


330 INPUT "PROJECTED SURVIVAL VIA TRANSPLANTATION (96) "; K 


340 SURV-K 
350 K=K/100 


360 INPUT “PROJECTED SALVAGE VIA TRANSPLANTATION IN ACCELERATED/BLASTIC PHASE (96) "; L 


370 SALV-L 
380 CLS 
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APPENDIX (Continued) 
390 L-L/100 
400 INPUT "DO YOU WANT TO ENTER PROGNOSTIC GROUP OR PATIENT PARAMETERS? 
(PG FOR PROGNOSTIC GROUP OR RETURN FOR PATIENT PARAMETERS)", W$ 
410 IF W$—"PG" THEN 590 
420 IF W$-"pg" THEN 590 
430 PRINT 
440 PRINT "PARAMETERS TO DETERMINE PROGNOSTIC GROUP": PRINT: PRINT 
450 INPUT “SPLEEN SIZE (CENTIMETERS BELOW LEFT COSTAL MARGIN) ";SPL: PRINT 
460 INPUT “PLATELET COUNT (X 1000) "; PLT: PRINT 
470 INPUT "PERCENTAGE OF BLASTS"; BLAST 
480 A=EXP ((.0116) «(AGE — 43.4) 
490 B-((.0345)« (SPL— 7.51)) 
500 C-—((.188)«((PLT/700)7 2) — (563) 
510 D-((8.869999E — 02)« (BLAST — 2. 1)) 
520 FCT=A+B+C+D 
530 IF FCT<.78 THEN P=1 
540 IF FCT=.78 THEN P=2 
550 IF (FCT>.78) AND (FCT<1.3) THEN P=2 
560 IF FCT=1 3 THEN P=3 
570 IF FCT>1 3 THEN P=3 
580 CLS GOTO 600 
590 PRINT INPUT “PROGNOSTIC GROUP = ”;P 
600 INPUT "FACTOR <1 FOR DECREASING TXP CURE WITH DELAY (ENTER 1.0 IF NO DECREASE) ";F 
610 F-F^.5 
620 INPUT "FILENAME FOR RESULTS ", D$: CLS 
630 OPEN D$ FOR OUTPUT AS #1 
640 PRINTZ 1, "OUTPUT FILE ";D$ 
650 PRINT "AGE- "; AGE 
660 PRINT#1, “AGE= "; AGE 
670 PRINT "MEAN LIFE SPAN= ", DAGE 
680 PRINT#1, "MEAN LIFE SPAN= ", DAGE 
690 IF FCT=0 GOTO 720 
700 PRINT “RELATIVE RISK = ", FCT 
710 PRINT#1, "RELATIVE RISK= "; FCT 
720 PRINT “PROGNOSTIC GROUP- "; P 
730 PRINT# 1, “PROGNOSTIC GROUP = ”; P 
740 PRINT “SURVIVAL AFTER TRANSPLANT= ", K« 100; "96" 
750 PRINT#1, “SURVIVAL AFTER TXP = ": K« 100; "96" 
760 PRINT “SALVAGE AFTER TRANSPLANT- "; Læ 100; "95" 
770 PRINT# 1, “SALVAGE AFTER TXP= "; Le 100; "96" 
780 PRINT "FACTOR FOR DECREASING TXP CURE WITH DELAY "; F^2;" PER YR" 
790 PRINT# 1, "FACTOR FOR DECREASING TXP CURE WITH DELAY "; F 2," PER YR" 


800 PRINT " d 

810 GRAL-O 

820 PRINT "TXP TIME ” "CALC LIFE EXP";" CLE/NLE “CHANCE OF SURV” 
830 PRINT#1,"TXP TIME — ";”C ALC LIFE EXP";" CLE/NLE ”;"CHANCE OF SURV” 
840 PRINT 


850  SAL=0 
860 ^ FORT1-0TO5 STEP 5. REM TIME OF TRANSPLANT 
870 | J=TI/5 

880 IF J=0 THEN 900 

890 ^ GRAL-GRAL--(SU,P) --S(J— 1),P))*.25 

900 = MYEXP=(1—L)*GRAL+L«*T+(T—T1)#S(J,P) «(K-L) 
910  TN-70—AGE 

920 . R-(MYEXP/TN)« 100 

930 C=((K#(S(J,P))) + (L«(1— (SCU,P))) 100 

940  IFMYEXP«T! THEN R-O 

950 IF MYEXP<T1 THEN GOTO 990 


960 PRINT T1, MYEXP. R;'96",  C,"96" 

970 PRINT£ 1, T1, MYEXP. R, C 

980 GOTO 1010 

990 PRINT T1, MYEXP, , C;''96" 
'1000 PRINT? 1, MYEXP, R, C 
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1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
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K-F«K 
IF K«0 THEN K=O 


L=FæL 
IF L<0 THEN L=0 

NEXT T1 

PRINT 

PRINT "TO CONTINUE TOUCH ANY KEY” 
A$-INKEY$: IFA$-"" THEN 1100 

CLOSE 1 

CLS: CLOSE ALL 

DEFSNG A-Z 

OPEN D$ FOR INPUT AS #1 

COUNT=0 

SCREEN 2,0 : KEY OFF 

CLS 

DEF FNX(X) = 60 +X#550/XMAX 

DEF FNY(Y) = 16--(YMAX— Y)» 160/YMAX 

GOSUB 1300 ‘INPUT DATA ------------------- 
GOSUB 1370 ‘ESTABLISH X&Y AXES ---------- 
GOSUB 1400 ‘DRAW X&Y AXES--------- -- 
GOSUB 1690 ‘DRAW DATA POINTS------------ 
A$-INKEYS$: IF A$=” " THEN 1240 

CLOSE #1 

SCREEN 0,0,0: COLOR 7,1,1,: CLS: KEY OFF 

INPUT "DO YOU WANT TO ENTER MORE DATA? (Y OR N) ”; ANS 
IF (AN$-"Y") OR (AN$—"y") THEN CLS: RUN 

END 

INPUT #1,A$ ‘INPUT DATA-------------- 

IF (INSTR(AS, "TIME")) -0 GOTO 1300 
COUNT=COUNT+ 1 

IF EOF (1) THEN 1360 





INPUT #1, TXP (COUNT), CALC(COUNT), CLE(COUNT),CHANCE(COUNT) 


GOTO 1320 

RETURN 

XMAX = 10 'ESTABLISH X&Y AXES---------- 
YMAX = 100 

RETURN 

‘DRAW LABELS AND AXES-------------------- 

LINE (FNX(O),FNY(YMAX)) — (FNX(O),FNY(O)) 

LINE —(FNX(XMAX),FNY(0)) 

LOCATE 3,10: PRINT ”--------- >" 

LOCATE 3,21 PRINT "CLE/NLE IF NO DISEASE” 
LOCATE 3,1 : PRINT YMAX; 

LOCATE 7,2 . PRINT “‘PER-"; 

LOCATE 8,2 : PRINT "CENT"; 

LOCATE 13,1 : PRINT YMAX/2; 

LOCATE 24,41 . PRINT XMAX/2; 

LOCATE 24,75 : PRINT XMAX; 

LOCATE 25,36 : PRINT "YEARS AFTER DX"; 

LOCATE 1,36 :PRINT D$ 

LOCATE 5,42 : PRINT "CLOSED SYMBOLS: CLE/NLE" 
LOCATE 6,42 : PRINT "OPEN SYMBOLS: CHANCE OF SURVIVAL” 
LOCATE 10,46 : PRINT “AGE= "; AGE 

LOCATE 11,46 : PRINT "MEAN LIFE SPAN- ", DAGE 
IF FCT=0 THEN 1590 

LOCATE 12,46. PRINT “RELATIVE RISK- ", FCT 
LOCATE 13,46- PRINT "PROGNOSTIC GROUP- ", P 
LOCATE 14,46 PRINT “SURVIVAL AFTER TXP= "; SURV; "96" 
LOCATE 15,46: PRINT "SALVAGE AFTER TXP- ", SALV; "96" 
LOCATE 16,46 PRINT “DELAY FACTOR- ”; F2 

FOR Y—O TO YMAX STEP YMAX/10 

LINE (58,FNY(Y))—(62,FNY(Y)) 

NEXT Y 
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1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 


APPENDIX (Continued) 


FOR X=0 TO XMAX STEP XMAX/10 

LINE (FNXOQ, 174) — (FNX(X), 178) 

NEXT X : RETURN ' 

COUNT-COUNT- 1 

FOR I2 1 TO COUNT ‘DRAWS SQUARES---------- 
X=TXP(1) 

Y=CLE(1) 

IF CLE(1)20 THEN GOTO 1750 

LINE (FNX(X) — 2, FNY(Y) — 2) — STEP(4,4), 1,BF 


NEXT | 

1=0 

FORI«2 TO COUNT  ‘DRAWSLINE---------- 
X1 = TXPII) 

X2 = TXP(I— 1) 

Y1 = CLE(I) 

Y2 = CLE(I— 1) 


IF Y1=0 GOTO 1840 

LINE  (FNX(X1),FNY(Y1))—(FNX(X2),FNY(Y2)} 
NEXT | 

l=0 

FOR [=1 TO COUNT 

X=TXP(I) 

Y=CHANCE (I) 

LINE (FNX(X)—2,FNY(Y)—2)—STEP(4,4),,B 
NEXT | 


‘FOR 1-2 TO COUNT 'DRAWS LINE---------- 


X1 = TXP(I) 

X2 = TXP(I— 1) 

Y1 = CHANCE(I) 

Y2 = CHANCE(I— 1) 

LINE (FNX(XT),FNY(Y 1)) -(FNX(X2), FN Y(Y2)) 
NEXTI 

RETURN 

x, 

DATA 1,.99,.97,.93,.88,.84,.78,.72,.66,.61,.55 
DATA 1,.98,.95, 88, 80, 72, 64, 54, 47,.42,.38 
DATA 1,.97,.87,.74, 63, 50,.39, 29,.21,.16,.12 
CLS: PRINT "PATIENT NOT ELIGIBLE FOR TRANSPLANT IF AGE >50 YEARS !”: END 
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The authors will provide a copy of this program to interested readers who supply a blank 5%” magnetic disk that will run on IBM-compatible 
computers. 


Malignant Clonal Expansion of Large Granular Lymphocytes With a Leu-11+, 
Leu-7 — Surface Phenotype: In Vitro Responsiveness of Malignant Cells to 
Recombinant Human Interleukin 2 


Shoichi Koizumi, Hidetoshi Seki, Tomoko Tachinami, Masashi Taniguchi, Akira Matsuda, Kazuyuki Taga, 
Takayuki Nakarai, Eiji Kato, Noboru Taniguchi, and Hideo Nakamura 


A 14-year-old Japanese female with neutropenia showed 
malignant proliferation of the large granular lymphocytes 
(LGLs). These LGLs were E rosette-- and Fe(igG) recep- 
tor+ and therefore are referred to as Ty lymphocytes. 
They were also Leu-11+ and OKT11--; however, they 
were clearly negative for Leu-7, OKT3, OKT8, OKM1, and 
HNK-1 antigens as well as for terminal deoxynucleotidyl 
transferase activity. Karyotype analysis revealed 47, XXX. 
The LGLs showed no rearrangement of T cell receptor C8 
genes. The natural killer (NK) cell activity against K562 
target cells was low, but was significantly augmented after 
stimulation by recombinant human interleukin 2 (IL 2) in 
contrast to minimal NK boosting by recombinant human 
*-interferon (y-IFN). Such a unique responsive ability to 
lymphokines was quite similar to that noted in fetal and 
cord blood cells. These LGLs also demonstrated a consider- 
able increase in antibody-dependent cell-mediated cyto- 
toxicity (ADCC) and lymphokine-activated killer (LAK) 
activity after a short incubation with IL 2. Although in a 


ATURAL KILLER (NK) cells, morphologically indis- 
tinguishable from most large granular lymphocytes 
(LGLs), play a role in the immunologic system"? as well as 
in the regulation of hematopoiesis.* Because these cells 
express receptors for both sheep red blood cells (SR BCs) and 
the Fc portion of IgG, they are referred to as Ty lympho- 
cytes.” Although the cellular lineage of the LGLs still 
remains to be identified, recent studies using a panel of 
monoclonal antibodies including Leu-7 and Leu-11 have 
revealed several different subsets having different NK cell 
activities." In addition, on the basis of the responsive ability 
to recombinant human lymphokines such as y-interferon 
(y-AFN) and interleukin 2 (IL 2), different populations of 
so-called human pre-NK cells in fetal and cord blood cells 
were demonstrated? 

A number of patients with abnormal proliferation of LGLs 
and chronic neutropenia have been described in the last 
several years.'^?* The majority of cases showed pan-T cell 
(OKT3) and cytotoxic/suppressor T cell (OKT8) pheno- 
types as well as Leu-7 and Leu-11, which are associated with 
NK cell phenotypes. Because these cases usually presented 
rather chronic clinical courses, they were diagnosed as 
having either T cell chronic lymphocytic leukemia (T- 
CLL )01519257335 oc Ty |ymphocytosis^! ^ ?^? rather than 
a primary neoplastic process. 

In contrast to the cases previously reported, our case 
showed a leukemic expansion of LGLs, which were found to 
be associated with a considerable NK cell activity and have a 
unique Leu-11--, Leu-7— phenotype. This study identifies 
the immunologic and hematologic characteristics of these 
proliferative cells and defines their origin during the onto- 
genic development of NK cells. The possible suppressive 
effect of these LGLs on normal hematopoietic progenitor 
cells is also discussed. 
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resting stage they showed no IL 2 receptor expression as 
examined by anti-Tac antibody, Tac antigen appeared after 
IL 2 treatment followed by a marked increase in 3H. 
thymidine incorporation and a remarkable production of 
Y-IFN. To investigate the mechanism of neutropenia. in 
vitro IL 2—stimulated coculture studies of these cells with 
normal bone marrow cells were performed. Colony forma- 
tion of myeloid progenitors (CFU-C) was significantly sup- 
pressed. In addition, the conditioned medium from IL 
2-stimulated LGLs indicated a remarkable suppression of 
CFU-C. These results suggest that these LGLs with a 
Leu-11+, Leu-7— surface phenotype might belong to a 
unique subset of pre-NK cells that are functionally and 
phenotypically similar to those represented at any early 
stage of human ontogeny and that they strongly express 
Tac antigen under the influence of IL 2 administration, 
followed by remarkable cell proliferation and 'y-IFN produc- 
tion. 

® 1986 by Grune & Stratton, Inc. 


CASE REPORT 


On Aug 19, 1985, a 14-year-old Japanese female was admitted to 
the Japanese Red Cross Hospital in Kanazawa because of a high 
fever that had lasted ten days. She was physically well developed for 
her age. Family history was noncontributory. The examination 
revealed hepatomegaly 4 cm below the right costal margin and 
splenomegaly | cm below the left costal margin. Laboratory results 
disclosed the following values: hemoglobin (Hb), 10.0 g/dL: RBC, 
3,500,000/uL; and WBC, 11,400/uL with 1% granulocytes and 99% 
lymphocytes. The platelet count was 90,000/uL. Serum chemistry 
levels were as follows: SGOT, 95 IU/L: SGPT, 46 IU/L: and lactic 
dehydrogenase (LDH), 439 IU/L. During her hospitalization, the 
high fever continued despite antibiotic treatment and a moderate 
dose of prednisone. 

On Sept 4, the patient was transferred to the Kanazawa Univer- 
sity Hospital for assessment and treatment. At that time, hepatome- 
galy measured 4.5 cm and splenomegaly 9.5 cm. No significant 
lymph node swelling was observed. A complete blood count showed 
the following values: Hb, 11.5 g/dL, RBC, 4,270,000/uL: and WBC 
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14,300/uL with 5% granulocytes and 95% lymphocytes. The platelet 
count was 119,000/uL. A May-Griinwald-Giemsa~(MGG)-stained 
peripheral blood smear demonstrated a predominance of large 
lymphocytes (84%) 15 to 20 um in diameter, with abundant 
cytoplasm and sparse intracytoplasmic granules (Fig 1A). Bone 
marrow aspiration also revealed increased numbers of abnormal 
large granular lymphocytes (LGLs) with 42% nucleated cells. Blood 
chemistries showed the following data: total bilirubin, 0.60 mg/dL; 
SGOT, 71 IU/L; SGPT, 28 IU/L; LDH, 695 IU/L; y-glutamil 
transpeptidase (y-GTP), 195 IU/L; BUN, 14 mg/dL; creatinine, 
0.9 mg/dL; and uric acid, 4.5 mg/dL. Albumin and cholinesterase 
levels were normal. Tests for rheumatoid arthritis and lupus ery- 
thematosus as well as the Coombs’ test were all negative. Polyclonal 





Fig1. Morphologic characteristics of the proliferative cells. A. 
Peripheral blood smear illustrating four cells similar to LGLs (MGG 
Stain; original magnification x 1,000; current magnifica- 
tion x 400). B. LGL double rosetted with sheep RBCs and 
nucleated chicken RBCs coated with IgG (MGG stain; original 
magnification x 1,000; current magnification x 400). C. LGL 
bound with a K562 cell after 18-hour incubation of NK activity 
assay (MGG stain; original magnification x 1,000; current magnifi- 
cation x 400). D. Expression of intracellular y-IFN produced by the 
stimulation of IL 2 (Immunoalkaline phosphatase stain; original 
magnification x 400; current magnification x 160). 
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hypergammaglobulinemia was demonstrated (IgG, 2,082 mg/dL; 
IgA, 626 mg/dL; and IgM 267 mg/dL). The C3c and C4 levels were 
121 mg/dL and 69 mg/dL, respectively. Antibodies to Epstein-Barr 
virus (EBV) as detected by indirect immunofluorescence techniques 
showed the following titers: EBV capsid antigen (VCA) IgG, 320; 
IgM, 10; early antigen (EA), 80; and EB nuclear antigen (EBNA), 
160. The titer of antibody to cytomegalovirus was within the normal 
range. The tests for hepatitis B surface antigen (HBsAg) and 
anti-HBsAg antibodies were negative. Although treatment with 
prednisone (60 mg/d) continued and a pulse therapy of methyl 
prednisone (1,000 mg/d x 3) was also given after informed consent, 
the high fever persisted. The WBC count gradually increased to 
126,000/uL (LGLs, 80%) at the end of September. The LDH level 
also increased to 16,216 IU/L. A second bone marrow aspiration 
after informed consent showed a further increase in the numbers of 
abnormal LGLs (79%). Blood levels of y-IFN were checked twice in 
the clinical course by radioimmunoassay." The levels were 27.2 
U/mL on Sept 6 and 5.3 U/mL on October 1, both of which were 
markedly increased as compared with normal controls (less than 0.2 
U/mL). However, the presence of IL 2 in plasma could not be 
identified by a sensitive radioimmunoassay method using a mono- 
clonal antibody against human IL 2, L61 (kindly performed by Dr 
Ide, Shionogi & Co, Ltd, Osaka, Japan). At the beginning of Oct, a 
remarkable swelling of the bilateral cervical lymph nodes was noted. 
Full doses of anticancer drugs (vincristine, doxorubicin, cyclophos- 
phamide, and cytosine arabinoside) were started, but the WBC 
count further increased to 200,000 /uL (LGLs, 90%). Chromosome 
analysis of the LGLs using a G-banding technique revealed an 
abnormal 47, XXX pattern. When Southern blot techniques were 
used, the LGLs were not found to rearrange the T cell receptor C3 
genes. The patient died on Oct 12 of a hemorrhagic tendency caused 
by disseminated intravascular coagulation. Autopsy was refused. 


MATERIALS AND METHODS 


Surface markers. Peripheral blood mononuclear cells (PBMCs) 
from the patient and normal donors who had given informed consent 
were isolated by Lymphoprep (Nyegaard and Co, Oslo) gradient 
centrifugation as described elsewhere.” The expression of receptors 
for SRBCs (ER) and Fe receptors for IgG (Fc(IgG)R) were 
determined by the rosetting method using either SR BCs or chicken 
RBCs sensitized with rabbit IgG antibody against chicken R BC s. ^? 
PBMCS were studied with a panel of monoclonal antibodies; OKT3 
(Ortho Diagnostic Systems, Raritan, NJ), which reacts with mature 
T cells; OKT11 (Ortho), which binds to SRBC receptors: OKT4 and 
OKTS (Ortho), which selectively bind to lymphocyte subsets con- 
taining cells with helper and suppressor /cytotoxic activity, respec- 
tively: OKMI (Ortho), which identifies an antigen expressed on cells 
from the myelomonocytic lineage and some LGLs; OKT10 (Ortho), 
which reacts with the majority of thymocytes and activated T cells 
and has been reported to recognize some LGLs; Anti-HLA-DR 
( Becton Dickinson Monoclonal Center, Inc, Mountain View, Calif), 
which reacts with la-like antigens; Leu-7 (Becton Dickinson), which 
binds to LGLs and about 20% of PBMCs: NKH-1 (Coulter Immu- 
nology, Hialeah, Fla), which identifies NK cells but not neutrophils; 
and Leu-11 (Becton Dickinson), which reacts with the Fc(IgG)R of 
NK cells and neutrophils. We also used anti- Tac antibody (provided 
by Dr Waldmann, National Cancer Institute, Bethesda, Md), which 
recognizes an IL 2 receptor-related antigen." Monoclonal antibod- 
ies were used in a direct or an indirect immunofluorescence tech- 
nique, and the surface markers were analyzed by using a fluores- 
cence-activated cell analyzer (Ortho Spectrum III, Ortho Diagnos- 
tics, Westwood, Mass). 

Recombinant human IL 2. IL 2 was a product of S.A. Biogen, 
Geneva. This IL 2 preparation had a titer of 22 x 10! U/mL with a 
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specific activity of 1.15 x 10 * U/mg of protein (one unit being the 
amount of IL 2 giving 50% of the maximal ?H-thymidine ['H-TdR] 
incorporation into the NK-7 clone assay as described by Suzuki et 
al^). One such unit is equivalent to 4.5 units of a reference Jurkat IL 
2 standard provided by the Biological Response Modifiers Program 
of the National Cancer Institute. 

Response to lymphokines. Proliferative responses of PBMCs 
from the patient and normal donors to phytohemagglutinin (PHA-P, 
0.1%, Difco, Laboratories, Detroit) and recombinant IL 2 (25 
U/mL) were assessed in triplicate by *H-TdR incorporation as 
previously described.*? 

Cytotoxic activity. NK cell activity was measured in a four- 
hour ?Cr-release assay using K562 target cells as previously 
described." In brief, various concentrations of effector cells were 
suspended in RPMI 1640 medium (GIBCO, Grand Island, NY) 
containing 300 ug/ml L-glutamine, 200 U/mL penicillin, 10 ug/ 
mL gentamicin, 25 mmol/L HEPES buffer (GIBCO), and 5% fetal 
bovine serum (FBS, M.A. Bioproducts, Walkersville, Md). In some 
experiments, to study the role of y-IFN (provided by Shionogi & Co, 
Ltd) and IL 2 in the augmentation of NK cell activity, cells were 
pretreated with 25 U/mL IL 2 or 1,000 U/mL y-IFN for 18 hours 
prior to assay. Cells were added to triplicate cultures of 10°, 
*'Cr-labeled K562 cells in 0.2 mL vol in V-bottomed microtiter 
plates (Nunk, Kamstrup, Denmark). After centrifugation at 25 g for 
eight minutes, the cells were incubated for four hours at 37 °C ina 
humidified 5% CO; atmosphere. The supernatants were harvested 
with a Titertek supernatant collection system (Flow laboratories, 
Walkersville, Md), and radioactivity was determined with a gamma 
counter. The cytotoxicity was calculated as follows: percent cytotox- 
icity = (experimental release — spontaneous release) x 100/(total 
release — spontaneous release). 

The lymphokine-activated killer (LAK) activity was assayed by 
the aforementioned method using Hela, Daudi, BALL, and EL4 
cells as NK-resistant tumor cell lines after the effector cells were 
pretreated with or without IL 2. The assay for antibody-dependent 
cell-mediated cytotoxicity (ADCC) was performed by a *'Cr-release 
method using chicken RBCs coated with rabbit IgG against chicken 
RBCs. PBMCs from normal donors, cord blood mononuclear cells, 
and Leu-11+ cell populations sorted by a cell sorter (Epics C, 
Coulter Electronics, Hialeah, Fla) as described? were used as 
controls. 

y-IFN assay. y-IFN activity in the PHA-P- or IL 2-induced 
LGL supernatants was assayed by the capacity to inhibit the 
cytopathic effect of Sindbis virus on FL monolayers as described by 
Langford et al.” All twofold titrations were carried out in duplicate, 
and the antiviral activity was expressed as the reciprocal of the 
highest sample dilution that reduced the viral cytopathic effect by 
50%. To determine whether antiviral activity in the supernatants 
belonged to the y type, heat and pH stability tests were performed as 
previously described.“ 

Intracellular expression of y-IFN and IL 2 were identified by a 
routine immunohistochemical technique” using a monoclonal anti~ 
y-IFN antibody (B3, kindly provided by Dr Le, New York Univer- 
sity Medical Center, NY) and a monoclonal antihuman IL 2 
antibody, L61 (kindly provided by Dr Ide, Shionogi & Co, Ltd), 
respectively, on acetone-fixed cytocentrifuge preparations. 

CFU-C assay. To investigate the effect of PBMCs from the 
patient on myeloid progenitor cells in bone marrow, in vitro cocul- 
ture studies of PBMCs with normal bone marrow cells were 
performed. Normal bone marrow mononuclear cells (BMMCs) were 
obtained from volunteers after informed consent and were separated 
by gradient centrifugation as described. CFU-C assays were 
performed by a modified semisolid agar method” originally 
described by Pike and Robinson.* BMMCs (10°/mL) and PBMCs 
(1 to 2 x 10 /mL) were mixed and preincubated in Iscove's modifi- 
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cation of Dulbecco's medium (IMDM, Flow) containing 300 ug/ml. 
L-glutamine, 200 U/mL penicillin, 10 ng/mL gentamicin, and 10% 
FBS for 18 hours at 37°C. After incubation the cell mixture was 
plated into 0.35% agar (Bacto-agar, Difco) in IMDM containing 
20% FBS with or without IL 2 (25 U/mL). Mo-CM (kindly 
provided by Dr Golde, UCLA, Los Angeles) was used throughout 
this study as a source of colony-stimulating factor at a concentration 
of 10%. After 14 days of incubation at 37 °C in a humidified 5% CO, 
atmosphere, colonies of 40 cells or more were counted. 

Culture supernatants of 1L 2~stimulated PBMCs. An aliquot of 
the patient's PBMCs (2 x 10°/mL) was cultured in RPMI 1640 
medium containing 10% FBS and with or without IL 2 (25 U/mL). 
After incubation for 48 hours at 37 °C, the cells were pelleted by 
centrifugation, and the supernatants were harvested and stored at 
— 20 °C until used. To examine the effects of the supernatants on 
CFU-C, graded amounts of the supernatants were added to the 
CFU-C assay system just described. To determine the category of 
IFN to which the activity of the supernatants was attributable, we 
performed a neutralization study using an anti—y-IFN antibody and 
a specific antiserum to human a-IFN (Interferon Sciences, Inc, New 
Brunswick, NJ). IL 2-stimulated cell supernatants were treated 
with an excess of each antibody at 37°C for one hour prior to 
CFU-C assay. 


RESULTS 


Morphologic characteristics. MGG-stained smears 
showed that the morphologic characteristics of the prolifera- 
tive cells from this patient were quite similar to LGLs. They 
looked relatively large (15 to 20 um in diameter), with a high 
cytoplasm-to-nucleus ratio and sparse azurophilic granules 
in the cytoplasm (Fig 1A). Nuclei were round, and nucleoli 
were rarely observed. Double-nucleated cells were noted 
rarely. An electron microscopic analysis revealed prominent 
cytoplasmic granulogenesis and cytoplasmic inclusion 
bodies. Parallel tubular arrays that were characteristic of 
normal human Ty lymphocytes were also indicated. Cyto- 
chemical analysis revealed that they were all negative for 
esterase, peroxidase, acid phosphatase, terminal deoxynu- 
cleotidyl transferase, and asialo GM activities. 

Surface markers. Immunologic analysis using a panel of 
monoclonal antibodies showed that these LGLs had recep- 
tors for SRBCs and Fc receptors for IgG that were identified 
by rosetting with both SRBCs and chicken RBCs (Fig 1B). 
In addition, these cells had only a OKTI11 antigen among a 
series of T cell-related antigens, OKTI1 and Leu-11 anti- 
gens as NK cell-related antigens, and OKT10 and la-like 
antigens as activated T cell-related antigens. However, of 
interest, there was no expression of Leu-7, OKT3, OKTS8, or 
OKM I antigen on the surface of the LGLs (Fig 2A and B). 

NK cell activity. Figure 3 shows NK cell activities in the 
patient's LGLs against K562 target cells as compared with 
those in sorted Leu-11-- cells from adult PBMCs and cord 
blood cells. The spontaneous NK cell activity of the patient's 
LGLs was much lower than that in the adult control, but was 
significantly augmented after treatment with IL 2 to almost 
the same level as that in adult Leu-11-- cells at various 
effector/target cell ratios. In contrast, after stimulation by 
y-IFN, no marked increase of the NK activity was demon- 
strated. Such a characteristic ability of different responsive- 
ness to these lymphokines was quite similar to that shown in 
the control cord blood Leu-11 + cells. The LGLs were tested 
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Fig 2. 





for their ability to bind and kill K562 target cells in a 
single-cell cytotoxicity assay in agarose (Fig 1C). About 25% 
of the patient's LGLs had a binding capability to K562 
target cells, and the relative proportion of target-bound cells 
was increased to approximately 43% after treatment with IL 
2. The proportion of dead cells among these conjugates was 
also increased from 28% of the patient's LGLs to 75% after 
IL 2 stimulation. 

LAK activity. LAK activity of these LGLs was assessed 
by using four different kinds of cell lines as NK-resistant 
tumor cells as shown in Fig 4. A remarkable enhancement of 
IL 2-induced LAK activities was exhibited at various effec- 
tor/target ratios, suggesting that these LGLs have a wide 
spectrum of target specificity. 

ADCC. ADCC of the patient's LGLs was compared 
with that of normal adult PBMCs at different effector/ 
target ratios. The patient's LGLs had approximately two- to 
threefold higher levels of ADCC (80%) than the control 
adult PBMCs (30%) at an effector /target ratio of 20/1. 

Response to lymphokines and IFN production. — Prolifer- 
ative response of the patient's LGLs to PHA-P and IL 2 was 
measured by *H-TdR incorporation. As compared with the 
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(A, B) Surface markers of the patient's LGLs. 


control adult PBMCs, the patient's LGLs showed a remark- 
able increase of *H-TdR uptake by the stimulation of IL 2, 
whereas PHA-P was less effective on the patient's LGLs 
than the adult PBMCs (Table 1). In addition, a significant 
increase of IFN production was demonstrated, especially by 
the influence of IL 2 administration (Table 2). Characteriza- 
tion of IFN produced by the LGLs was examined by heat 
and pH stability tests. A marked reduction of IFN titers 
after the treatment with both hot water (56 °C) and acid 
solution (pH 2) was shown, suggesting that the y type of IFN 
was contained in the supernatants of the PHA-P- and IL 
2-stimulated cultured media. In concordance with the 
increase of y-IFN activity in the supernatants, intracellular 
y-IFN produced by IL 2 was clearly demonstrated by an 
immunohistochemical technique using a monoclonal anti- 
y-IFN antibody (Fig 1D). IL 2-containing cells were not 
identified immunohistochemically even after exogenous IL 2 
stimulation. 

Tac antigen expression. Figure 5 shows the ability of 
Tac antigen expression on the patient's LGLs after IL 2 
stimulation. They expressed marginal amounts of Tac anti- 
gen on their surfaces in a resting stage, and the proportion of 


IL 2-RESPONSIVENESS OF LGL LEUKEMIA CELLS 


o o 

o o 

T -g. 
> 

1 

T 


*6 "Cr Specific Release 
$ 
T 


N 
o 
T 
BL ACRES d 
T 











10 20 25 5 


25 5 10 20 25 5 10 20 
Effector : Target Ratio 
Fig 3. NK cell activity of the patient's LGLs and augmentation 


by IL 2. The patient's LGLs (A) and sorted Leu-11+ cells from cord 
blood (B) and a normal adult donor (C) were incubated with K562 
target cells at different effector/target ratios after stimulation 
with or without IL 2 and Yy-IFN as described in Materials and 
Methods. (Key: O—-O, without stimulations; @—@, with IL 2 
stimulation; WW, with y IFN stimulation) 


Tac+ cells was not increased by PHA-P stimulation. How- 
ever, when these LGLs were cultured with IL 2, they 
exhibited a rapid (even within 12 hours of incubation) and 
significant augmentation of the expression of Tac antigen in 
contrast to control adult PBMCs. y-IFN induced no signifi- 
cant increase in Tac antigen expression on the patient's 
LGLs. 

CFU-C assay. Severe neutropenia was shown through- 
out the clinical course of this patient. Thus, we next studied 
suppressive effects of the patient’s LGLs on in vitro colony 
formation of CFU-C. The patient's bone marrow (LGLs, 
42%) showed a significantly decreased number of CFU-C 
(29/10° BMMCs) as compared with normal controls 
(131 + 46 [mean + SD] /10° BMMCs). No suppressive 
effect of LGLs on normal bone marrow CFU-C formation 
without stimulation of IL 2 was shown, whereas a remark- 
able suppression of CFU-C was demonstrated under the 
influence of IL 2 administration (Table 3). Furthermore, the 








K562 HeLa Daudi BALL EL 4 

100 
o 
& 80 
[5] 
é 
P" 
= 
Q 
2 40 
u 
S 
= 20 e s 
2 EE 

5 1q9 20 
Effector : Target Ratio 
Fig 4. LAK activity of the patient's LGLs as compared with 


that of PBMCs from a normal donor. Cells were cultured with four 
different kinds of "Cr-labeled cells (Hela, Daudi, BALL, and EL4) as 
NK-resistant target cell lines after stimulation with or without IL 2. 
Key: O——O, the patient's LGLs without IL 2; @—@, the patient's 
LGLs with IL 2; 0—0, PBMCs without IL 2; E-E, PMBCs with 
iL 2. 
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Table 1. Proliferative Response of Patient's LGis 





3H-TdR incorporation (cpm) 











Medium PHA-P iL 2 
Patient'sLGLs 172 + 23 1,468 + 170 27,072 + 2,838 
Control PBMCs 210+68 60,983 + 1,988 








The patient's LGLs and control PBMCs from a normal adult donor were 
incubated with PHA-P (0.1%) for three days or IL 2 (25 U/mL} for five 
days. At 12 hours before harvest, 0.2 uCi ?H-TdR was added, and the 
uptake of "H-TdR was measured. The data are expressed as mean + SD 
for triplicate cultures. 


IL 2-induced cell supernatants exhibited a dose-dependent 
suppressive effect on CFU-C formation (Table 4). As shown 
in Table 5, the suppressive activity of the supernatants was 
markedly abolished with anti-y-IFN, but not anti-e-IFN, 
antibody treatment, suggesting that y-IFN could be greatly 
involved in the suppression of granulopoiesis. 


DISCUSSION 


[n the present study, we described a patient with abnormal 
clonal expansion of LGLs and neutropenia. As these prolifer- 
ative cells demonstrated ER + and Fc(IgG)R + phenotypes, 
they were referred to as Ty lymphocytes. Recently, a number 
of cases of abnormal proliferation of Ty lymphocytes (Ty 
lymphoproliferative diseases, Ty-LPD) have been re- 
ported'™* (for review see refs 5, 32, and 35), and most cases 
were not aggressive, although the majority of the patients 
had recurrent bacterial infections requiring antibiotic thera- 
py. In contrast, our patients showed a very rapid expansion of 
Ty lymphocytes. The patient's Ty lymphocytes were similar 
to normal LGLs although they were much larger in size 
(more than 15 um in diameter) and scanty in granules. They 
were positive for OKT11 and Leu-11 antigens. However, 
interestingly, they were negative for Leu-7, OKT3, and 
OKTS antigens, which were expressed in most of the previ- 
ously reported cases with Ty-LPD. Such unique morphologic 
and phenotypic properties allows us to consider the lineage of 
these LGLs from which they abnormally expanded. Abo et 
al' recently characterized three subpopulations of human 
LGLs from blood and lymphoid tissues using HNK-1 
(Leu-7) and Leu-11 monoclonal antibodies. Each subpopula- 
tion (HNK-1+ Leu-11 —, HNK-I- Leu-11--, and HNK- 
1 — Leu-11+) had a different NK cell activity. Among these 
three subsets, the HNK-1-- subset lacking the Leu-1] 
appeared to be the most immature form of LGLs and had 
minimal NK cell activity, whereas the HNK- — Leu-11 + 


Table 2. Characterization of IFN Produced by the Patient's LGLs 











IFN Inducers None 56 °C pH 2 
None 2 ND ND 
PHA-P (0.196) 256 2 18 


IL 2 (25 U/mL) 1,024 16 2 





LGLs stimulated with PHA-P or IL 2 were collected after three and five 
days of incubation, respectively. Heat and pH stability tests were 
performed, and IFN titers were measured as described in Materials and 
Methods. 
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Fig 5. Tac expression of the patient's LGLs. The patient's 
LGLs and PBMCs from a normal donor as controls were incubated 
with PHA-P (0.1%), iL 2 (25 U/mL), or IL 2 plus "y-IFM (1,000 U/mL) 
for 24 hours. After incubation Tac + cells were determined by an 
indirect immunofluorescence technique. 


IL2 + IFN-; (10°U/ml) 


subpopulation had a higher level of NK activity and was 
considered a more mature subset. Based on the expressions of 
Leu-11 and Leu-7 (HNK-1) antigens, the LGLs from our 
patient (Leu-11--, Leu-7—) seem to belong to a rather 
mature subset of NK cells. This speculation, however, is 
questionable because the patient's LGLs do not have suffi- 
cient spontaneous NK cell activity nor do they express OKT3 
or OKTS antigens, which have been reported to be expressed 
in mature NK cells. 

Functional analysis of the responsiveness to IL 2 and 
Yy-IFN is another useful method for studying the lineage of 
the LGLs. The NK cell activity of the patient's LGLs against 
K562 target cells was low but was significantly augmented 
by the stimulation of IL 2 in contrast to y-IFN. In previous 
studies, Ueno et alë tested the ontogenic changes in the 
lymphokine responsiveness of human NK cells by using 
PBMC from fetuses, premature infants, and full-term neo- 
nates as compared with adults. PBMCs from fetuses at early 
gestational ages showed minimal NK cell activity even after 
pretreatment with 4-IFN. In contrast, IL 2 induced a 
marked NK cell activity. On the other hand, PBMCs from 
full-term neonates showed a low level of NK cell activity but 
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Table 3. Effects of the Patient's LGLs on CFU-C Growth 











Bone Marrow Effector iL 2 Erue 

Cells (/mL) Cells (/mLi — (25 U/mL) (/10° Celts) Percentage 

1x 10° = = 254 100 

1x 10° — ES 262 103 
Patient's LGLs 

1 x 10° 1 x 105 — 262 103 

1 x 10° 2 x 10° = 324 128 

1x 108 1 x 10° + 57 22.4 

1 x 10° 2 x 10° + 43 16.9 
Control PBMCs 

1x 108 1 x 10° = 327 129 

1x 108 2 x 10° = 335 132 

1x 10° 1 x 10° + 254 100 

1x 10° 2 x 10? 4 274 108 





The patient's LGLs were mixed with normal BMMCs and preincubated 
for 18 hours at 37 ?C with or without IL 2 (25 U/mL). After incubation, 
the cell mixture was plated in 0.35% agar for the CFU-C assay. The 
number of colonies are expressed as mean values in triplicate cultures, 
Data from one of three similar experiments are presented. 


a considerable NK boosting by both y-IFN and IL 2. From 
these data, ontogenic pre- NK cells from very early stages of 
human life were suggested to be divided into y-IFN-sensitive 
and IL 2-sensitive subpopulations. Although it is not known 
whether these cell subsets belong to different cell lineages or 
different maturational stages of the same cell lineage, the 
patient's LGLs, which showed IL 2 but not y-IFN sensitivi- 
ty, might belong to a subset similar to fetal pre-NK cells. 
Furthermore, although Leu-7+ cells were negligible in cord 
blood, the relative proportion of Leu-11 + cells was shown to 
be equal to that in adult PBMCs by Seki et al.” They selected 
for a Leu-11+ cell population by a cell sorting technique and 
demonstrated that the spontaneous NK cell activity of 
Leu-114- cells in cord blood was low but was significantly 
augmented under the influence of IL 2 administration. The 
abnormal LGLs from the patient, which have a similar 
phenotype to the NK cells in cord blood (Leu-11+ Leu-7 — ), 
also had a similar responsiveness to the lymphokines. This 
fact strongly suggests that the patient's LGLs may have 
originated from the pre-NK cell subset during maturational 
stages. 


Table 4. Effects of IL 2-Stimulated LGL Supernatants 
on CFU-C Growth 








Colony-Stimulating Factor See ee BR 
(Mo-CM) Mixed With Per 10° Cells Percentage 
None 502 100 
Medium with IL 2 (1096) 565 112 
Supernatant 
2.596 167 33.3 
596 163 32.5 
1096 129 25.7 
1596 105 20.9 





IL 2-stimulated LGL supernatants were collected after 48 hours of 
incubation at 37 °C. Graded amounts of the supernatants indicated were 
added to the CFU-C assay system using Mo-CM as a source of 
colony-stimulating factor as described in Materials and Methods. The 
numbers of colonies are expressed as mean values in triplicate cultures. 
Data from one of three similar experiments are presented. 


IL 2-RESPONSIVENESS OF LGL LEUKEMIA CELLS 


Table 5. Influence of an Anti—y-interferon (y-IFN) Antibody on 
the Suppressive Effect of IL 2-Stimulated LGL Supernatants 

















CFU-C 
Exp 1 Exp 2 

Colony-Stimulating Factor Per Per 

(Mo-CM) Mixed With 10* Cells 96 10° Cells 96 
None 448 100 157 100 
Medium with IL 2 (596) 422 94.2 170 108 
596 supernatant 72 16.1 38 229 
5% supernatant + 

anti-y-IFN 293 654 128 81.5 
Anti—y-IFN 431 96.2 140 89.2 
5% supernatant + 

anti-a-IFN — — 39 248 
Anti-a-IFN — — 130 828 


IL 2-stimulated supernatants were treated with an excess of antihu- 
man *y-IFN or antihuman a-IFN antibody at 37 °C for one hour prior to 
CFU-C assay. The numbers of colonies are expressed as mean values in 
triplicate cultures 


Pathologic clonal proliferation of the LGLs in this patient 
was also suggested by the karyotype analysis that showed an 
abnormal 47, XXX pattern. However, these LGLs were not 
found to rearrange the T cell receptor CÓ genes with 
Southern blot techniques (data not shown). The heterogene- 
ity of Ty-LPD in the organization of the CB genes has been 
shown by Rambaldi et al? who demonstrated that the more 
frequently encountered cases of T3+ T-y-LPD showed clonal 
rearrangements (T3+ C8+ Ty-LPD), whereas the less 
common T3— Ty-LPD exhibit the germline C8 configura- 
tion (T3— C8— Ty-LPD). Our case (T3— C6—) confirms 
these findings. 

Other unique functional capabilities caused by stimulation 
of the IL 2 of these LGLs were strong and rapid expression of 
Tac antigen followed by a marked cellular proliferation and 
a significantly increased production of y-IFN. Although 
exogenous y-IFN did not induce the expression of Tac 
antigen and there was no detectable IL 2 activity in 
cultured-conditioned medium or in blood, it is likely that the 
patient's LGLs do express Tac antigen and enhance their 
own abnormal growth via Tac antigen induction. A similar 
observation was made by Yodoi et al? who established a YT 
cell line derived from a boy with thymic lymphoma. These 
cells had NK cell surface phenotypes and NK-like killing 
activity. YT cells, which marginally expressed Tac antigen, 
markedly increased the expression of Tac antigen after 
incubation with IL 2—containing conditioned medium from 
peripheral blood leukocytes or spleen cells, both of which 
were stimulated with PHA. 

This patient had severe granulocytopenia (less than 500/ 
uL) as did approximately half (46%) of the patients with 
Ty-LPD Some investigators suggested that Ty cells and 
NK cells inhibited granulopoietic progenitor cells in vitro? 
In this case a significant reduction of CFU-C formation was 
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also noted when the patient's LGLs were added to a normal 
bone marrow CFU-C assay system. In addition, the inhibi- 
tion of CFU-C was shown to be mediated by an IL 2-induced 
factor(s) (Table 4). A recent study by Degliantoni et al? 
suggested that the effect of NK cells on hematopoietic 
progenitors was mediated through a specific soluble factor(s) 
(NK-derived colony-inhibited activity; NK-CIA) that was 
released only after contact of NK cells with HLA-DR 4- bone 
marrow cells as well as NK-sensitive target cells. However, it 
is unlikely that the IL 2—induced factor(s) in this case is the 
same one as NK-CIA because the CFU-C-inhibiting activ- 
ity was not shown by a coculture of the LGLs with bone 
marrow cells, but was clearly demonstrated only under the 
influence of IL 2 administration. Although the precise 
biochemical characterization of the factor(s) that tends to 
inhibit CFU-C is under investigation, y-IFN seems to be 
greatly involved in the inhibition of granulopoiesis because a 
high level of y-IFN was evidently shown not only in culture 
supernatants but in blood as well. Furthermore, the inhibit- 
ing property was mostly abolished by an anti—y-IFN anti- 
body. Anti-a-IFN had no significant influence on the sup- 
pressive effect of the supernatants. IFNs are thought to have 
interesting effects both on immunoregulation and hemato- 
poiesis, and suppressive ability of y-IFN in hematopoietic 
progenitors has been reported by some investigators.” 
CFU-C were noted to be more responsive to y-IFN than 
other categories of IFNs such as œ- (leukocyte) and f- 
(fibroblast) IFNs.^* Indeed, spontaneous or mitogen-stimu- 
lated y-IFN production has been demonstrated by lympho- 
cytes from several patients with T-y-LPD.^!55$ 

The disease presented in this paper may be termed acute 
Ty-LPD because of the rapid clonal expansion of the Ty 
lymphocytes. We suggest that such an acute clinical course is 
related to the unique surface phenotype for a premature NK 
cell subset and a strong expression of Tac antigen after 
stimulation of IL 2. Although the lineage of the NK cells in 
this case still remains to be elucidated, such a leukemialike 
proliferation of LGLs serves as an experimental model for 
studying the ontogeny and function of LGLs in both immu- 
noregulation and hematopoiesis. Finally, functional analysis 
for response to lymphokines as well as immunohistochemical 
studies of the intracellular expression of y-IFN and IL 2 may 
be useful for examining the cell lineage and functional 
characteristics of abnormal proliferative lymphocytes. 
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Production of Granulocyte-Macrophage Colony-Stimulating Factor 
by Abelson Virus-Induced Tumorigenic Mast Cell Lines 


S.W. Chung, P.M.C. Wong, G. Shen-Ong, S. Ruscetti, T. Ishizaka, and C.J. Eaves 


We have recently described a system that supports the 
development of continuously growing and tumorigenic cell 
lines after infection of individual multilineage hemato- 
poietic colonies with Abeison murine leukemia virus (A- 
MuLV). We now provide definitive evidence that these 
transformed lines express features characteristic of mast 
cells. Although these lines have been maintained in some 
cases for more than a year in the absence of exogenous 
growth factors other than those present in fetal calf serum, 
colony formation could consistently after 2 months, and 
variably after 5 months, be shown to be increased several 
fold when pokeweed mitogen-stimulated spleen cell condi- 
tioned medium (CM) was added to the cultures. CM from 
the A-MuLV-transformed lines was then tested for its 
ability to stimulate hematopoietic colony formation by celis 
from both fetal and adult tissues. Four of four randomly 
selected cell lines produced factors that were active on 
erythropoietic, granulopoietic, and in some cases pluripo- 
tent progenitors. Removal of viral particles from the CM 


BELSON MURINE LEUKEMIA virus (A-MuLV) is 

an acute replication-defective transforming retrovirus 
containing the oncogenic sequence v-ab/.! It is the result of a 
recombination event between the replication-competent 
Moloney leukemia virus (M-MuLV) and a part of the host 
genomic c-abl. A-MuLV was originally shown to cause 
nonthymic B cell lymphoma in vivo,” but is now known to 
cause a variety of hematologic tumor types including plasma- 
cytomas,? thymomas,* mastocytomas,** and myelomonocytic 
leukemia,’ depending on the specific protocol and route of 
inoculation. In vitro studies have shown that A-MuLV can 
transform cells at various stages of the B cell differentiation 
pathway?? and can do so without blocking B cell differentia- 
tion.” Other in vitro studies have shown that A-MuLV 
infection of fetal liver cells allowed differentiating erythroid 
cells to proliferate and mature in the absence of erythropoie- 
tin (Ep).!! These cells, however, could not be passaged into 
continuously growing lines, indicating that A-MuLV may 
also alter the requirement of normal differentiating cells for 
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from one of the lines (27d1) by either heat inactivation or 
high-speed centrifugation did not alter the colony-stimulat- 
ing activity detected. When CM from 27d1 cells was tested 
for its ability to stimulate the proliferation of interleukin 3 
(IL3) granulocyte-macrophage colony-stimulating factor 
(GM-CSF)-dependent FDC-P1 cells, a positive result was 
obtained. This stimulatory activity was not reduced in the 
presence of neutralizing anti-IL 3 immunoglobulin (lg), 
suggesting that the activity detected was GM-CSF and not 
IL 3. This was confirmed by the lack of expression of the 
IL 3 gene in 27d1 cells as determined by Northern analysis 
of 27d1 cell RNA. Furthermore, S1 analysis of mRNA from 
27d1 cells as well as two other lines indicated that the 
GM-CSF gene in all three was transcriptionally active. 
Taken together, these data suggest that A-MuLV transfor- 
mation of normal mast cells or their precursors under 
certain conditions commonly activates the production of 
GM-CSF. 

©1986 by Grune & Stratton, Inc. 


their specific growth factors without their concomitant con- 
version to a malignant state. 

In the murine hematopoietic system, a number of distinct 
growth factors are now recognized. These were characterized 
initially on the basis of differences in the progenitor cell 
populations on which they appeared to act and hence the 
kinds of colonies whose formation they supported. Several of 
these so-named colony-stimulating factors (CSFs) have 
recently been purified to homogeneity and their target cell 
specificity and functions studied in detail. Three, granulo- 
cyte-macrophage CSF (GM-CSF), granulocyte CSF (G- 
CSF), and macrophage CSF (M-CSF), show specificity for 
cells differentiating along the granulocyte-macrophage lin- 
eage.'* However, both GM-CSF and G-CSF can also stimu- 
late the limited proliferation of pluripotent progenitors.'^'* 
Interleukin 3 (IL 3), also referred to as multi-CSF or by one 
of several other names, is sufficient to support the full 
development of a variety of single- and multilineage colonies 
containing varying combinations of granulocytes, macro- 
phages, eosinophils, megakaryocytes, erythroid cells, and 
mast cells." Recently, the purification of another hemato- 
poietic growth factor, hemopoietin I, has been reported.” 
This latter factor is not itself a CSF, although, when present 
together with a known CSF, it may allow the production of 
recognizable progeny derived from primitive but otherwise 
undetectable hematopoietic progenitor cell types. 

The products of several viral oncogenes have been shown 
to be very similar to normal growth factors or their recep- 
tors.^?! Naturally arising or induced abnormalities in the 
structure or expression of the cellular genes that code for 
these molecules might, therefore, also be expected to contrib- 
ute to the malignant transformation of cells normally respon- 
sive to a particular growth factor. In a previous study, we 
found that A-MuLV infection of individual multilineage 
colonies yielded transformed tumorigenic cell lines in high 
frequency, but only when these were cocultured for the first 2 
to 3 months in the presence of a heavily irradiated 3T3 cell 
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feeder layer.” This suggested that in this system, transfor- 
mation may involve the acquisition of autonomy from a 
growth factor produced by irradiated 3T3 cells. To investi- 
gate this possibility we examined several of these A-MuLV— 
transformed cell lines for their sensitivity to exogenous 
growth factors and for their ability to produce factor(s) with 
normal hematopoietic cell-stimulating activity. 

Preliminary characterization of the cell lines themselves 
showed that morphologically they resembled mast cells.? In 
this report we provide further evidence of the mast cell 
characteristics of these cells and demonstrate that they 
constitutively produce GM-CSF. No IL 3 production could 
be detected. 


MATERIALS AND METHODS 


Cells and conditioned media The origin of the transformed 
lines studied is described elsewhere ? Briefly, cells from multi- 
lineage hematopoietic colonies were removed from methylcellulose 
cultures and placed together with A-MuLV on top of irradiated 3T3 
cells. Cell lines were established 1ndependent of feeder cells 2 to 3 
months after infection (Bl, B2, B9, C3, C8, T6, and 5a), and 
subsequently, some were cloned (27d1, 27d2). All lines were carried 
in RPMI 1640 (Flow Laboratories, McLean, Va) supplemented 
with 20% heat-inactivated fetal calf serum (FCS) and 50 umol/L 
2-mercaptoethanol (2-ME). Conditioned media (CM) from these 
cell lines were collected three days after feeding cells with fresh 
medium. Cells were pelleted, and the clarified supernatant was 
concentrated eight- to tenfold, then stored at —70 °C until used. 

Determination of IgE binding and histamine content. Binding 
of mouse IgE molecules was determined by the method of Kulczycki 
et al” Purified normal mouse mast cells“ and a CSF-dependent 
mouse mast cell line, PT-18, cells? were used as controls The 
monoclonal mouse IgE used in the present experiments was the same 
preparation as that previously described.” Cells at a concentration of 
1 to 2 x 10°/mL were suspended in RPMI 1640 medium supple- 
mented with 1076 FCS and 0.01 mol/L EDTA, pH 7.6, and 
incubated with 10 ug/mL '*I-mouse IgE at 37 °C for 90 minutes. A 
100-fold excess of unlabeled IgE was added to the cells in the control 
tubes prior to the addition of 5I-TgE. After incubation, 0.2 mL of 
the cell suspension was layered over an equal volume of FCS and 
spun for one minute in a Beckman 152 microfuge (Beckman 
Instruments, Palo Alto, Calif). The radioactivity of the pellet was 
counted and the number of '"[.IgE molecules bound per cell 
calculated assuming a molecular weight of mouse IgE of 184,000.” 

Histamine was extracted with 1% to 2% perchloric acid and 
analyzed by the automated technique of Siraganian.”’ 

Methylcellulose colony assay. Cells for assays of hematopoietic 
colony-stimulating activity were obtained either from BALB/c mice 
from Cumberland View Farm (Tenn) or from BALB/cAnN mice 
bred and maintained at the NIH (Bethesda, Md). Three different 
sources of cells were used to assay for CSFs: (1) Fetal peripheral 
blood was obtained from 9- to 11-day-old embryos, single-cell 
suspensions prepared, and cells plated at a final concentration of 3 to 
4 x 10* cells/mL. (2) Bone marrow cells were obtained from normal 
adult mice and plated at a final concentration of 3 x 10* cells/mL. 
(3) Single-cell suspensions were prepared from the spleens of mice 
that had received 150 mg/kg 5-fluorouracil (5-FU) intravenously 
four days before. Cells were plated at a final concentration of 6 to 8 
x 10° cells/mL. 

The culture medium used for colony assays contained 0.8% 
methylcellulose, 30% FCS (Flow), 1% deionized bovine serum 
albumin (BSA, Sigma Chemical Co, St Louis), 2 mmol/L L- 
glutamine and 100 umol/L 2-ME, and 2 U/mL of Ep. Pokeweed 
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mitogen-stimulated spleen cell conditioned medium (SCM)* was 
included where indicated at a final concentration of 1%. In some 
cases concentrated CM from A-MuLV-transformed lines were 
included at a final concentration of 10% (vol/vol) instead of SCM. 
Colonies were scored in situ under an inverted microscope after six 
days for embryonic peripheral blood cell cultures and after ten to 12 
days for adult bone marrow and spleen cell cultures. 

Cell proliferation assays  DA-1 cells? were obtained from J. 
Ihle (Frederick Cancer Research Facility, Frederick, Md). FDC-P1 
cells? were obtained from J. Pierce (National Cancer Institute, 
NIH, Bethesda, Md). To evaluate the proliferation of these cells, 
2 x 10° cells in 50 uL of RPMI plus 10% FCS were placed in each well 
of a 96-well microtiter plate. Appropriate dilutions of IL 3 or CM were 
then added and the plate incubated for 22 hours at 37 °C. One uC1 of 
3H-thymidine (Amersham Corp, Arlington Heights, Ill) in 20 uL of 
medium was then added to each well and the plates incubated for an 
additional six hours. Cellular DNA was harvested onto glass fiber filter 
paper and the amount of ?H-thymidine incorporation determined To 
measure inhibition of factor-induced cell proliferation, wells were set up 
in the same way with the additional inclusion of an anti-IL 3 
immunoglobulin preparation (anti-IL 3 Ig, kindly provided by J. Ihle) 
in the final culture medium. 

Molecular analyses  High-molecular weight DNA prepara- 
tions from A-MuLV-transformed lines, WEHI-3 cells, and BALB/c 
mouse thymus were prepared? and approximately 10 ug of DNA 
digested with EcoRI, then electrophoresed, transferred to nitrocellu- 
lose, and hybridized to ?P-labeled IL 3 cDNA probes Two different 
IL 3 probes were used. One was a 0.8-kb PstI fragment representing 
the 3' end of IL 3 cDNA (from J Ihle). The other was a full-length 
IL 3 cDNA from K. Arai (DNAX, Palo Alto, Calif). After 
hybridization, the filter was washed for half an hour with 2 x sodium 
chloride-sodium citrate (SSC)/01% sodium dodecyl sulphate 
(SDS) and then at 65 °C for one hour with 01 x SSC/0.1% SDS. 
The total RNA from A-MuLV-transformed cells, WEHI-3 cells, as 
well as pokeweed mitogen-stimulated spleen cells was extracted?! 
and about 15 ug per lane electrophoresed, transferred, and hybrid- 
ized to the same probes described. S1 analysis was carried out as 
described by Ley et al.” 

Assay for focus-forming units. The titers of A-MuLV ın the 
virus stock and in the concentrated CM were measured using the 
procedure described by Scher and Siegler ? Briefly, early-passage 
3T3 cells were seeded in 60-mm plastic Falcon dishes (10°/dish) 
(Falcon Labware, Oxnard, Calif) in medium with 10 pg/mL of 
Polybrene The next day the medium was replaced with 0.5 mL viral 
stock or CM and incubated at 37 °C for one hour with occasional 
rocking of the dishes. Medium was changed again after five days and 
transformed foci scored on the tenth day using an inverted micro- 
scope. 


RESULTS 


Mast cell characteristics of A-MuLV-transformed cell 
lines. Table 1 shows the results of toluidine blue staining, 
histamine content determinations, and IgE binding studies of 
cells from two clones (27d1 and 27d2) of a typical A- 
MuLV-transformed cell line. Comparison of these to fresh 
and cultured mast cells from another source showed all to be 
similar. An additional four lines tested were shown to contain 
histamine, although the amount varied slightly (data not 
shown). The amount of '“J-IgE that bound to the 27d1 and 
27d2 cells was similar to what bound to normal mouse 
peritoneal mast cells and the IL 3-dependent PT-18 mast 
cell line (Table 1). Under the same conditions we have found 
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Table 1. Characterization of A-IMuLV-Transformed Mast Cells 











Histamine 
Toluidina pue IgE Bound per Cell 

Cells Blue 10° Cells Before Wash, After Wash* 
27d1 + 332ng  2.91x 10^ 2.33 x 10° 
27d2 + 328ng 219x108 1.97 x 105 
PT-18?5 + 275ng  3.33x 100 330 x 10° 

Mouse mast 
cells} + 10.3ug 3.59x 10° 331 x 10* 





* After incubation with "5|-IgE for 90 minutes, the cells were washed 
three times with RPMI 1640 medium and cell-bound radioactivity 
counted. 

1Mouse peritoneal mast cells were obtained from BALB/c mice and 
purified as described elsewhere.2* 


that other cell lines show no binding. These include a cloned 
line of 1nducer T lymphocytes (C1, Lyl + 2 — /9), YAC 
lymphoma cells, and 33 of 34 lymphocyte cell lines with 
natural killer (NK)-like or CTL activity.? The majority of 
IgE molecules bound to the A-MuLV-transformed 27d1 and 
27d2 cells remained after washing, indicating that the recep- 
tors on these cells had a high affinity for the immunoglobu- 
lin. 

Effect of SCM on the cloning efficiency of A-MuLV— 
transformed cell lines. The plating efficiency of these lines 
was studied at various times after their separation from the 
3T3 feeders. As shown in Table 2, cells removed from feeders 
2 months after infection gave rise to very few colonies when 
plated 1n methylcellulose cultures containing FCS but no 
feeders or any other exogenous source of specific growth 
factors (eg SCM). At this time, the plating efficiency was 
increased three- to fourfold if either partially purified 
IL 3 (obtained as described by Iscove**) or crude SCM was 
added to the assay medium. At later passages, higher plating 
efficiencies were sometimes encountered, and a difference in 
colony number was no longer consistently observed when 
cultures with or without SCM were compared. For example, 
experiment 2 in Table 2 shows results for some of the same 
lines used in experiment 1 assayed 3 months later. It can be 
seen that in this experiment the plating efficiency was 
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approximately 100-fold higher than in experiment 1 and the 
previously observed effect of added SCM was not seen. 
Demonstration of hematopoietic growth factor activi- 
ty. To assay for colony-stimulating activity, we first tested 
the ability of concentrated CM from these transformed mast 
cell lines to stimulate progenitors present in the peripheral 
blood of 9- to 11-day old mouse embryos. As indicated in 
Table 3, CM from two A-MuLV-transformed cell lines 
stimulated the formation of large erythroid colonies, ery- 
throid-mixed colonies, and a number of large nonerythroid 
colonies consisting mostly of granulocytes and/or macro- 
phages. CM from two other lines (B9 and B2) supported the 
formation of large erythroid and nonerythroid colonies, but 
no erythroid-mixed colonies were detected in these assays. 
Waneck and Rosenberg!! have reported that Abelson virus 
itself can stimulate early hematopoietic progenitor cells from 
fetal liver to produce macroscopic colonies containing large 
numbers of differentiating erythroid as well as myeloid 
elements in the absence of exogenous growth factors. Since 
the transformed cell lines being examined here were produc- 
tively infected by A-MuLV? (Table 3), we reexamined the 
colony-stimulating activity present after treatment of CMs 
with heat or high-speed centrifugation to remove viral par- 
ticles. Results for 27d1 cell CM are shown in Table 3. It can 
be seen that a 1,000-fold reduction in viral particles did not 
significantly alter the colony-stimulating activity of this CM. 
Neither the number nor the size or erythroid cell content of 
the colonies obtained appeared to have been affected. Addi- 
tion of an A-MuLV stock with a titer roughly equivalent to 
that of the 27d1 cell CM showed some colony-stimulating 
activity, but the erythroid colonies stimulated were small and 
were eliminated when the viral stocks were inactivated by 
heating. The nonerythroid colonies observed after heat inac- 
tivation of the A-MuLV stock were probably due to GM- 
CSF produced by the virus-infected 3T3 cells and present in 
the virus stocks as reported by Koury and Pragnell.”” 
Similar results were obtained when normal bone marrow 
cells or spleen cells from 5-FU-treated mice were tested in 
methylcellulose cultures containing Ep but no other known 
growth factor (Table 4). Colony formation was again 


Table 2. Effect of SCM on the Cloning Efficiency of A-MuLV-Transformed Lines 























Experiment 1 
Lines + SCM — SCM 
C8* (113 x 18.3) (42.3 x 5.9) 
0.4596 017% 
B9* (69 + 9.5) (27.6 x 4.4) 
0.2896 0.1196 
B1* (40 7 + 7.0) (15 + 2.5) 
0.1696 0 0696 
C3 — = 
T6 (6.3 + 1.2) (1.7 + 1.2) 
0.03% 0.01% 


Experiment 2 








+ SCM — SCM 
(213.7 + 9 8) (229 x 9.7) 
42.796 45.896 

(179 x 13.5) (169.3 + 7 0) 
35 896 33 996 
(179.3 x 5.6) (160 + 5 5) 
35 996 3296 











*A partially purified SCM was used (see text). 


A-MuLV-transformed cells were plated in 1% methylcellulose in a-minimum essential medium (a-MEM) with 36% FCS, 1.2% BSA, 100 pmol/L, 
2-ME, and 2mmol/L L-glutamine. Experiment 1 was plated 2 months after virus infection at a final concentration of 5 x 104 cells/mL, whereas 
experiment 2 was plated 5 months after viral infection at 10° cells/mL. The numbers in parentheses are mean values + SEM where the mean ts the 


average colony number obtained per 0.5 mL of culture 
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Table 3. Colony-Stimulating Activity of Four A-MuLV- Transformed Cell Line CMs When Added to Cultures 
of Peripheral Blood Cells from 9- or 11-Day Old Embryos 














Conditioned Large Erythroid Erythroid-Mix Nonerythroid 
Medium FFU/ML Burst Colonies Colonies 
SCM ND 25 + 10.2 26.2 x 5.8 77 » 3.7 

B9* ND 44-28 <3 191 +45 
B2* ND 50 +8 6+1 166 + 25 
T6* ND 33-44 «3 257 + 25 
27d1 3 x 10*/mL 25.9 + 5.3 16.4 + 4.9 146.6 + 28.8 
A 27d1 <20/mLt+ 17.3 + 8.2 14.6 + 5.1 106.8 « 9.6 
27d1 (spun) 40/mL 21.0+6.4 13.3 + 2.2 86.9 + 19.8 
A-MuLV 8.6 x 10*/mL 7.8 + 3.0 0.36 « 1.1 20.8 + 4.7 
A A-MuLV <20/mLt <1.4+ <1.4ł 14.6 +52 
R20 ND «2.6t «2.6t x2.6t 





Abbreviations: ND, not determined: A, heat inactivation by treating at 56 °C for one hour; spun, supernatant collected after centrifugation at 40,000 


rpm for one hour; R20, tenfold concentration of RPMI with 2096 FCS. 


Embryonic peripheral blood cells from 1 1-day-old embryos (except where noted *, in which case, blood cells from 9-day-old embryos were used) were 
cultured as described in Materials and Methods. CM from various sources were tested at a final concentration of 1096, except T6 CM, which was tested 


at a final concentration of 2096. 
+Maximum value if only one colony was observed in one experiment. 


Colonies were scored six days after initiation of the cultures using the following criteria: large erythroid colonies, containing > 300 hemoglobinized 
erythroblasts; erythroid-mix colonies, containing >200 hemoglobinized erythroblasts and other cell types including granulocytes and macrophages; 
nonerythroid colonies, containing >50 cells with no hemoglobinized erythroblasts and consisting mainly of granulocytes and/or macrophages. Values 
shown are means + SEM from data pooled from two to five experiments and are expressed as the number of colonies scored per 105 celis. 


observed when either treated or untreated 27d1 CM was 
added. The number of macroscopic multi-lineage colonies 
stimulated was, however, relatively lower in normal bone 
marrow cell cultures than in 5- FU spleen cell cultures. 
Absence of IL 3 but production of GM-CSF. We next 
sought to determine whether 27d1 CM contained IL 3. The 
effect of 27d1 CM on DA-1 cells (initially thought to be 
exclusively IL 3 dependent) was therefore examined. As 
positive controls WEHI-3 cell CM, SCM, and pure IL 3 
(from WEHI-3 cell CM)? were also tested. These were all 
capable of stimulating DA-1 cells to proliferate (data not 
Shown). As further indicated in Table 5, addition of anti-IL 3 
Ig to wells containing pure IL 3 resulted in a significant 
inhibition of IL 3-induced proliferation. CM from 27d1 cells 
was also found to stimulate DA-1 cells, and this activity was 
not affected by heat inactivation of the virus present in the 
CM. However, in contrast to the results obtained with pure IL 


3, the addition of anti-IL 3 Ig had no effect on the stimulatory 
activity of 27d1 cell CM. 

We next examined the IL 3 gene itself and looked for 
evidence of its expression in a number of our A-MuLV- 
transformed cell lines. Figure | shows a Southern blot of 
EcoRI-digested high-molecular weight DNA from normal 
BALB/c mice, WEHI-3 cells, and the 27d1 cell line. The 
blot was hybridized with a 0.8 kb-PstI fragment representing 
the 3' end of the cDNA of the IL 3 coding region (from J. 
Ihle). As found previously by others, the IL 3 gene was seen 
to be altered in WEHI-3 cells? However, in 27d1 cells as in 
normal mouse cells, no alteration was detected. The same 
result was observed when the blot was hybridized with a 
full-length IL 3 cDNA probe. Two other A-MuLV- 
transformed lines gave similar results (data not shown). 
Figure 2 shows the results of Northern analysis using the 
0.8-kb Pst] fragment of IL 3 cDNA. A strong band about 1.0 


Table 4. Effect of 27d1 Conditioned Media on Colony Formation in Cultures of Adult Bone Marrow and 5-FU- Treated Spleen Cells 

















Conditioned zo BUE is CFU-GEMM CUG En e 
Medium BM BM 5-FU Spleen BM 5-FU Spleen 
SCM 15.7 + 5.7 10.4 = 2.2 6.2 + 2.3 187.5 + 14.9 13.8+ 5.1 
27d1 CM 7.9 € 2.6 2.7 x 1.0 8.3 + 1.0 235.9 + 13.4 25.9 + 6.4 
å 27d1 CM 3.7 x 1.4 3.8 « 1.7 7.3 « 1.6 214.2 + 12.9 28.1 + 6.4 
27d1 CM (spun) 4.5 x 1.0 0.32 + 0.3 8.3 x 1.1 214.3 + 12.9 26.6 + 5.2 
A-MuLV 5.0 + 2.7 <1.0* <2.3* 47.9 + 12.4 1.7 « 0.8 
A A-MuLV 1.2" <1.2* <2.3* 67.8 + 19.5 0.2 «0.2 
R20 3.4 € 1.7 <1.6* «2.3* 7.4 » 4.0 2.3* 








colony containing erythroblasts, macrophages, granulocytes, and/or megakaryocytes; CFU-C, producing all nonerythroid colonies containing > 50 cells, 


primarily macrophages, granulocytes, or macrophages and granulocytes. 
*Maximum value if only one colony was observed in each experiment. 


Colonies were scored under an inverted microscope 10 to 14 days after initiation of cultures from bone marrow (BM) and 5-FU -treated spleen cells. 
Values given are means + SEM from data pooled from two to four experiments and are expressed as the number of colonies scored per 10° and 10° celis 


for bone marrow and 5-FU-treated spleen, respectively. 
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Table 5. Effect of CM on the Proliferation of IL 3-Dependent DA-1 Cells 
Cell Proliferation 

CM CM Aione CM + Anti-lL 3° CM + Rblgt 
IL-3+ 40,411 + 2,186 29,799 + 1,272 39,420 + 45 
10% 2741 CM 47,857 + 656 46,395 + 299 47,117 + 2,386 
10% A27d1CM 45,688 + 861 40,715 + 1,437 38,459 + 2,828 
10% A-MuLV 11,646 + 854 — — 
10% R20 8,253 + 514 ~= — 
R10§ 9,536 + 1,530 — — 








Data are presented as means + SEM. Numbers are *H-thymidine incorporation into cellular DNA measured in counts per minute. 
* The amount of anti-IL 3 Ig added was sufficient to neutralize one third of the input IL 3. 
tAn amount of normal rabbit ig equivalent to that present ín the anti-iL 3 containing wells was used. 


{Pure IL 3 at a final dilution of 1/200,000. 
§ = RPMI 1640 medium supplemented with 10% FCS. 


kb in size was observed in lanes containing mRNA from both 
WEHI-3 cells and pokeweed mitogen-stimulated mouse 
spleen cells. No band could be detected in the 27d1 cell 
mRNA. Similar results were again obtained with two other 
lines (data not shown). Thus it appears that the IL 3 gene is 
not involved in the generation of any of the activities detected 
in the CM of our A- MuLV-transformed cell lines. 

Since GM-CSF has been reported to stimulate the initial 
division of pluripotent hematopoietic progenitors and since 
some IL 3-dependent cell lines can respond to GM-CSF,” 
we looked also for evidence of GM-CSF production by our 
A-MuLV-transformed cell lines. Figure 3 indicates the 
results of S1 analysis of RNA from three of the lines. The 
probe used was the Xhol-Tagl fragment in the pCD vector 
containing the full length cDNA of GM-CSF." This frag- 
ment contains 258 nucleotides of the 5' end of GM-CSF 
cDNA (Fig 3). RNA from pokeweed mitogen-stimulated 
spleen cells and from all three transformed mast cell lines 
(27d1, 27d2, and 5A) examined contained the 258-bp pro- 
tected fragment, indicating the presence of GM-CSF 
mRNA. The same size fragment could not be detected in 
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Fig 1. Southern analysis of EcoRl-digested high-molecular 
weight DNA extracted from left to right: BALB/c mouse thymus, 
WEHI-3 celis, and 27d1 cells. The blot was hybridized to a 0.8-kb 
Psti fragment of an IL 3 cDNA probe (3' end}. An extra band of 
about 4.4 kb was observed only with WEHI-3 ceils. 


WEHLE-3 cells, which do rot produce GM-CSF, even when as 
high as 100 ug of RNA was used for hybridization (Fig 3). 

We then tested the 27d1 CM for its ability to stimulate 
FDC-PI cells, which have been previously shown to be 
responsive to GM-CSF as well as IL 3. The results 
presented in Fig 4 indicate that FDC-P1 cell proliferation 
was stimulated by 27d! CM and this stimulation was not 
reduced by the addition of neutralizing anti-IL 3 Ig. In 
contrast, the level of stimulation by pure IL 3 was markedly 
reduced when anti-IL 3 Ig was added to the medium. 
Additional titration studies indicated that the amount of 
27d1 CM used in Fig 4 was equivalent to the amount of IL 3 
added in terms of measured thymidine incorporation (data 
not shown). A slight stimulation of thymidine incorporation 
seen with increasing amounts of anti-IL 3 Ig or normal 
rabbit Ig (Fig 4) was also seen without added IL 3 or CM 
(data not shown). 


DISCUSSION 


In an earlier paper,” we described a method for trans- 
forming murine hematopoietic cells with A-MuLV in vitro 


PWM-SC 
WEHI-3 
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Fig 2. Northern analysis of total RNA extracted from left to 
right: 27d1 ceils, PWM-stimulated spleen cells (PWM-SC), and 
WEHL-3 cells. The blot was hybridized to the same probe as in Fig 
1. A prominent 1.0-kb band was observed with PWM-SC and 
WEHI-3 RNA, but no band ceuid be detected in 27d1 RNA. 
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Fig 3. $1 analysis of total RNA extracted from various cell 
lines from left to right: yeast tRNA, WEHI-3 cells, 27d2 cells, 5a 
cells, 27d1 cells, molecular weight markers, and pokeweed mito- 
gen-stimulated spleen cells (SC). Numbers in parentheses indicate 
the amounts of total RNA (in micrograms) used for hybridization. 
(Bottom) The Xhol- Taq | fragment (438 base pair [bp]) containing 
the 5' end of GM-CSF cDNA was used as the probe. The protected 
fragment was 258 bp in size. 


that allows the rapid emergence of tumorigenic cell lines that 
morphologically resemble mast cells. In the present study we 
provide definitive evidence that these cells express mast cell 
characteristics. Although we showed previously that these 
lines arose from cells in multilineage colonies of established 
single-cell origin, this protocol did not allow identification of 
the type of cell initially infected and transformed. Since 1096 
to 20% of the cells present in the type of multilineage colonies 
selected were morphologically identifiable as mast cells, it is 
possible that mast cells or their precursors were the primary 
targets. More recent preliminary findings suggest that early 
hematopoietic progenitors may be targets and that the 
subsequent phenotype to emerge may be influenced by the 
conditions used for the selection of transformants (Wong 
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Fig 4. Effect of varying amounts of anti-lL 3 ig (closed 
symbois) or normal rabbit lg (open symbols) on the proliferation of 
FDC-P1 cells stimulated by 27d1 CM (1.25%, triangles) or 0.25 
units of pure IL 3 (circles). Background without any factor added 
(ie, the medium control) was 2,346 + 215 cpm. 


PMC, Chung SW, Raefsky E, Eaves CJ, and Nienhuis AW, 
unpublished observations). In any case our data confirm the 
recent finding that mast cells are related to cells of the 
myeloid lineages. The availability of rapidly growing mast 
cell lines and a reproducible method for their generation 
should be useful for future investigations of the development 
and differentiation of mast cells. 

Recently several groups have also reported the isolation of 
tumorigenic factor-independent mast cell lines following 
A-MuLV infection of hematopoietic cells in vitro.? How- 
ever, in none of these has evidence of production of a 
hematopoietic growth factor been found. In our experiments, 
an irradiated 3T3 cell feeder rather than an exogenous 
supply of IL 3 was used initially to select A-MuLV- 
transformed lines capable of continuous growth. Because, 
during early passages, these lines showed an increased plat- 
ing efficiency in the presence of factors produced by spleen 
cells, we undertook experiments to investigate more exten- 
sively the factor-producing properties of these A-MuLV- 
transformed cells. CM from four randomly selected cell lines 
were found to contain activities that stimulated erythroid as 
well as granulocyte-macrophage and in some cases also 
multilineage colony formation in methylcellulose assays of 
murine progenitors from a variety of embryonic and adult 
sources. However, Northern blots and immunologic analysis 
indicated that these activities were not attributable to IL 3. 
From SI analyses, we found that in three of three lines 
studied GM-CSF mRNA was produced at a relatively high 
level (100 copies/cell). Additional evidence of GM-CSF 
release was obtained when we tested the ability of the CM 
from one cell line to stimulate the proliferation of FDC-P1 
and DA-1 cells. FDC-P1 cells are known to be responsive to 
GM-CSF as well as IL 3, and we have recently found that 
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DA-1 celis are also responsive to pure recombinant murine 
GM-CSF (Wong PMC, Chung SW, Broder T, and Nienhuis 
AW, unpublished data; and Krystal G, Farber N, and Eaves 
CJ, unpublished data). Since the FDC-P1 stimulatory activ- 
ity present in the transformed cell CM was not neutralized 
by anti-IL 3 Ig, it seems likely that it was GM-CSF. These 
findings differ most strikingly from those reported by Cook 
et al who found little or no GM-CSF to be produced by the 
tumorigenic cells obtained following A-MuLV infection of 
FDC-PI cells. Whether differences between the target cells 
involved or differences in the conditions used to allow A- 
MuLV transformants to emerge account for these differ- 
ences in growth factor expression must await further study. 
In summary, we have clearly documented the production 
of at least one hematopoietic growth factor (ie, GM-CSF) by 
tumorigenic mast cell lines derived from A-MuL V-trans- 
formed hematopoietic cells. Because these cells could at an 
early stage in their development be shown to respond to 
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factors present in pokeweed mitogen-stimulated spleen cell 
conditioned media, it is possible that their ability to produce 
factor(s) themselves, which we detected subsequently, may 
have played a role in the early evolution of a malignant 
phenotype. Although such a model awaits further study, it is 
interesting to note that the conversion of FDC-P1 cells to 
GM-CSF production by retrovira! transfer of the GM-CSF 
cDNA sequence was recently shown to confer autonomous 
growth and tumorigenic potential on these cells." 
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Adult-Onset Cyclic Neutropenia Is Associated With Increased Large 
Granular Lymphocytes 


By Thomas P. Loughran, Jr, Edward A. Clark, Thomas H. Price, and William P. Hammond 


Human cyclic neutropenia occurs in adults as well as 
children. Clinical illness is similar in the childhood and adult 
diseases, but distinctly different modes of onset suggest 
heterogeneity in its pathophysiology. We studied seven 
patients with cyclic neutropenia, three with disease 
acquired in adulthood, and four with the childhood-onset 
disorder. All three patients with adult-onset cyclic neutro- 
penia had increased numbers of circulating large granular 
lymphocytes (LGL), whereas the four children with cyclic 
neutropenia had normal LGL counts. LGL from patients 
with adult-onset cyclic neutropenia expressed cell surface 


UMAN CYCLIC NEUTROPENIA is a rare disorder 
characterized by regular predictable oscillations of the 
blood neutrophil count. Fever, malaise, aphthous stomatitis, 
and mucous membrane infections occur at the time of the 
neutrophil nadir. Manifestations of this disease usually begin 
in childhood, although in about 25% of patients the first 
symptoms occur after age 20.'? Therapy such as androgens 
and splenectomy has been modestly successful in a few 
patients but has not reliably resulted in a correction of the 
cycling.** Lithium, although abrogating cycling in the grey 
collie model of cyclic neutropenia,” has not been uniformly 
efficacious in human disease.'' Corticosteroid therapy, 
however, has been shown to correct neutrophil cycling in a 
few patients with the adult-onset form of the disorder." 
The etiology of cyclic neutropenia is not known, although 
the defect appears to reside at the stem cell level?! Studies 
in patients with the adult-onset form of this disease may 
provide insight into the pathogenesis of this disorder. 
Recently a syndrome of chronic neutropenia associated with 
excess large granular lymphocytes (LGL) has been identi- 
fied.? We have shown that in some of these patients this 
disease results from a clonal expansion of LGL.” In this 
report, we describe an association between excess numbers of 
circulating LGL and the adult-onset form of cyclic neutrope- 
nia. 


MATERIALS AND METHODS 


Patients All patients with the exception of patient 3 were 
referred to us for evaluation of neutropenia and were studied at the 
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antigens HNK-1 (three of three patients) and IgG Fc recep- 
tors (two of three patients), although natural killer activity 
was low. Two of these patients were treated with alter- 
nate-day steroids, resulting in decreased LGL counts and 
abrogation of neutrophil cycling. We suggest that adult- 
onset cyclic neutropenia may be distinguished from the 
childhood-onset form of the disease by increased numbers 
of LGL. Furthermore, increased LGL may identify a subset 
of patients with cyclic neutropenia who respond to steroid 
therapy. 

o 1986 by Grune & Stratton, Inc. 


Clinical Research Center at the University Hospital on protocols 
approved by the Human Subjects Review Committee of the Univer- 
sity of Washington. Patient 3 was recruited for study through the 
National Institutes of Health (NIH) Clinical Center: slides of bone 
marrow obtained prior to steroid therapy were obtained from the 
NIH, whereas blood for surface marker studies was obtained 
through her private physician. 

All three patients with adult-onset cyclic neutropenia had recur- 
rent symptoms of fever, malaise, aphthous stomatitis, and occasional 
local infections. Clinical onset of disease in patient | began in 1970 
at the age of 59 when a complete blood cell count (CBC) showed 
neutropenia and absolute lymphocytosis. CBC with differential 
count had been normal in 1968 when she underwent distal pancrea- 
tectomy and splenectomy for chronic pancreatitis The diagnosis of 
cyclic neutropenia was established in 1975. A trial of lithium 
carbonate in 1979 was unsuccessful, as described previously." She 
continues to experience periodic fevers, malaise, and aphthous 
stomatitis; she has declined treatment with alternate-day predni- 
sone. Patient 2 was well until 1962 when at the age of 45 symptoms 
began to occur at approximately monthly intervals A diagnosis of 
cyclic neutropenia was established in 1975, and a trial of alternate- 
day prednisone (50 mg) resulted in correction of neutrophil cycling. 
She currently remains well, receiving 20 mg prednisone every other 
day Cyclic neutropenia was diagnosed in patient 3 at the age of 65. 
She has been the subject of previous studies of cyclic neutropenia 
performed at the NIH.''5" A trial of alternate-day prednisone 
resulted in abrogation of neutrophil cycling and the clinical manifes- 
tations of her disease. She still receives prednisone, 10 mg daily, 
and has suffered multiple complications of steroid therapy including 
bleeding gastric ulcer, osteoporosis resulting in fracture of the right 
hip, and diabetes mellitus 

Patients 4 to 7 with childhood-onset cyclic neutropenia also had 
classic features of the disease: regularly recurring episodes of fever, 
malaise, aphthous stomatitis, and cervical lymphadenopathy. 
Patients 4 and 6 were previously reported by us"'; patient 4 died of 
necrotizing clostridial enterocolitis at age 11. Patient 5 presented 
with a lung abscess; she had severe periodontitis, as did patient 6 AII 
four patients with childhood-onset cyclic neutropenia had cycle 
lengths between 19 and 21 days, all had monocytosis during neutro- 
penia, and three had cyclic fluctuations of either platelet or reticulo- 
cyte counts. 

Patients 8 to 10 with chronic neutropenia had histories of recur- 
rent infections similar to those of patients with cyclic neutropenia. 
Patients 8 and 10 were referred by their physicians because of the 
severity of their infections. They had otherwise normal blood counts 
and fit the diagnostic category of chronic idiopathic neutropenia.” 
Patient 9 was also anemic and thrombocytopenic; he had had 
documented neutropenia and severe recurrent skin infections for at 
least 10 years These patients served as one control group, whereas 
ten healthy volunteers served as the normal control group 
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Blood counts. The diagnosis of cyclic neutropenia was estab- 
lished by performing blood counts a minimum of three times per 
week for at least 6 weeks as previously described.'^!! Patients with 
chronic neutropenia had serial blood counts similarly performed for 
a minimum of 4 weeks to document the absence of cycling. WBC 
counts were done on EDTA-anticoagulated specimens using a 
Coulter counter and total neutrophil counts (bands plus neutrophils) 
calculated from the WBC and a 100-cell differential count. LGL 
were identified by their characteristic morphology on Wright- 
Giemsa stains, 1e, larger size and smaller nuclear cytoplasmic ratio 
than typical lymphocytes as well as prominent azurophilic gran- 
ules.? Total LGL counts were calculated by multiplying the total 
lymphocyte count by the percentage of LGL (of at least 100 cells 
counted) obtained in the differential lymphocyte count. Differential 
counts were performed by one observer (T.P.L.) on coded specimens 
to prevent biased reporting. Five hundred-cell bone marrow differen- 
tial counts were performed by a single observer (T.H.P.). 

Lymphocyte studies Peripheral blood mononuclear cells were 

“isolated by Ficoll-Hypaque density gradient centrifugation and 
studied for expression of cell surface antigens using an Epics 5 flow 
cytometer with direct one-color and two-color analysis using a panel 
of fluorescein-conjugated or R-phycoerythrin-conjugated mono- 
clonal antibodies (MoAb) as previously described.” The antigens 
recognized by these MoAb are described using the current World 
Health Organization international nomenclature." The following 
MoAb, verified by International Workshop analyses, were kindly 
provided by Dr Jeff Ledbetter (Genetic Systems, Seattle): G19-4 
anti-CD3 (T3) and G10-1 anti-CD8 (T8). Dr Toru Abo (University 
of Alabama, Birmingham) provided HNK-1.? The Fc-1 MoAb 
recognizes IgG Fc receptors (CD16) found on natural killer (NK) 
cells and does not recognize IgG Fc receptors expressed on mono- 
cytes% NK activity of peripheral blood mononuclear cells was 
determined using a *'Cr-labeled K562 erythroleukemia cell line as a 
target in a four-hour assay as previously described for our labora- 
tory.” Effector:target ratios were 6.25:1, 12.5:1, 25:1, and 50:1; lytic 
units for 30% killing of 10* target cells were derived from a graph of 
logio effector/target ratio v the percent specific lysis plotted on 
semilog paper. Cytogenetic studies were done on peripheral blood 
mononuclear cells from patients 1 and 3 cultured either with or 
without phytohemagglutinin as previously described.? 

Neutrophil antibody studies Tests for serum leukoagglutinat- 
ing antibodies were performed according to the method of McCul- 
lough et al ? Neutrophil-associated immunoglobulin and serum or 
plasma neutrophil-binding immunoglobulin were determined by 
indirect immunofluorescence using a modification of the method of 
Verheught et al *’ Patient or normal target neutrophils were purified 
by Hypaque-Ficoll sedimentation and fixed with 1% paraformalde- 
hyde. Neutrophil-associated immunoglobulin (direct test) was 
determined by flow microfluorometry after incubation of the cells 
with fluorescein isothiocyanate (FITC) goat antihuman IgG (or 
IgM) (Tago, Burlingame, Calif). Results were quantitated using 
peak fluorescence channel numbers and expressed as a multiple of 
average values for normal neutrophils. For determination of plasma/ 
serum neutrophil-binding immunoglobulin (indirect test), normal 
neutrophils were incubated with test sera, washed, and surface 
immunoglobulin determined as before. For the indirect test, results 
are expressed as a multiple of values seen when target cells are 
incubated with autologous serum. 


RESULTS 


Cyclic neutropenia was well documented by frequent 
serial blood counts in seven patients. Of the patients with 
adult-onset cyclic neutropenia, patient 1 was studied on 
several occasions over a 10-year period; cycle length has 
remained constant at 20 days." Patient 3 has also been 
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studied on several occasions over at least 14 years; cycle 
length has remained constant at 21 to 22 days.'!*"* Blood 
counts obtained on patient 2 over a 10-month period before 
and after receiving prednisone therapy are shown in Fig 1. 
The cycle length was somewhat longer, with an average of 
27 days. Alternate-day prednisone therapy eventually 
resulted in correction of cycling and stabilization of neutro- 
phil counts at levels greater than 2,000/uL. Similar results of 
prednisone therapy have been reported previously for patient 
3.5 

All three patients with adult-onset cyclic neutropenia had 
a marked increase in circulating LGL at the time of diag- 
nosis (Table 1), values similar to those observed in patients 
with LGL leukemia.” To determine whether an elevated 
LGL count was a nonspecific finding secondary to neutrope- 
nia and recurrent infections, we determined LGL counts in 
other groups of neutropenic patients. As shown in Table 1, 
three patients with chronic neutropenia and four children 
with cyclic neutropenia had LGL counts within the normal 
range. Clinical remission of adult-onset cyclic neutropenia 
was associated with a reduction in numbers of LGL in the 
two patients treated with alternate-day steroids (Table 1). 
Results of bone marrow differential counts in patients with 
adult-onset cyclic neutropenia are shown in Table 2. All 
three patients had increased numbers of mature-appearing 
marrow lymphocytes. In addition, characteristic findings of 
cyclic neutropenia were seen in serial marrow examinations 
from patient 1. During neutropenia, myeloid precursor cells 
predominated, whereas during the neutrophil recovery phase 
an expansion of the myeloid postmitotic pool was observed. 
Of interest, microscopic examination of the spleen of patient 
l, obtained prior to clinical onset of cyclic neutropenia, 
revealed lymphoid infiltration of splenic red pulp cords, a 
finding similar to that reported in patients with LGL leuke- 
mia.? 

Figure 2 shows serial LGL, lymphocyte, and neutrophil 
counts obtained from patient 1 during a 26-day period 
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Fig 1. Serial neutrophil counts obtained on patient 2 over a 


300-day period are plotted using a log scale. Period length of 
neutrophil cycling was 27 days, determined by dividing the total 
number of days (109) by the number of cycles observed (four). As 
indicated by slashed lines, no data were obtained between days 89 
and 114. Alternate-day prednisone therapy resulted in a rise in the 
neutrophil nadir and eventully in normalization of the neutrophil 
count. 
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Table 1. Clinical and Hematologic Features of Neutropenic Patients 
Percentage 
Patient Age Sex WBC Neutrophils Lymphocytes of LGL Total LGL Clinical Features 
Adult-onset cyclic neutropenia 
1 74 F 9,900 0-1,984* 8,415 73 6,143 Severe fever, aphthous stomatitis, malaise 
2 
Untreated 68 F 3,900 0-2,000 3,100 70 2,170 Recurrent skin infections, fever, aphthae 
Steroid therapy 7,600 5,092 1,672 62 1,037 
3 
Untreated 80 F 7,800 0-3,600 4,900 83 4,067 Fever, skin infections, aphthous 
Steroid therapy 9,700 6,402 1,843 63 1,161 stomatitis 
Childhood-onset cyclic neutropenia 
4 11 2,500 25-2,682 1.380 16 221 Died of clostridial sepsis and enterocolitis 
5 19 F 5,500 0-1,353 3,465 13 450 Right lung abscess, severe periodontal 
disease 
6 10 M 3,900 0-1,628 1,860 16 298 Otitis media, aphthous stomatitis 
7 6 F 5,500 0-1,944 4,015 9 361 Otitis media, fever 
Chronic neutropenia 
8 20 F 2,800 244-902 2,016 6 121 Occasional skin infections 
9 22 M 2,500 243-945 1,750 4 70 Severe recurrent skin infections, glomerulitis 
10 21 F 2,500 73-1,402 1,472 7 103 Severe aphthous stomatrtis 
Normalst 
n=10 37 x 14 5M/5F 5,920 + 1,999 3,654 + 1,563 2,221 + 832 1126 223 x 99 
(22-58) (3,100-9,500) (1,333-5,035) (1,300-4,276) (5-24) (104-482) 
n= 42 — 27M/15F — — — 1444 245 + 108 
(14-80) (5-29) (120-620) 


*Ranges indicate fluctuations from nadirs to peak values 








tNormal values were obtained in our laboratory on ten healthy volunteers The top line gives the mean + SD, the bottom line gives the range in parentheses LGL values are compared with those 


obtained on 42 healthy controls in another laboratory 32 


WBC, neutrophils, lymphocytes, and total LGL are cells/uL Hematocrit and platelet counts were normal in all patients except patient 9, whose hematocrit value was 31% and platelet count was 


104,000 cells/uL 


encompassing two nadirs in neutrophil counts. Fluctuations 
in the total lymphocyte count occurred in parallel to that 
observed in LGL count. In contrast to the regular periodicity 
observed in the neutrophil counts, however, there was no 
definite cycling in either LGL or total lymphocytes in patient 
1, although sufficient data were not available to perform a 
periodogram analysis on this patient. Such an analysis 
previously done in patient 3, however, did reveal cycling of 
the patient's total lymphocytes ?* now shown, retrospectively, 
to have been mostly LGL. 

Surface marker studies of peripheral blood mononuclear 
cells from all three patients revealed some phenotypic char- 
acteristics of NK cells. AII patients had increased numbers of 
HNK-1- cells; in addition, two patients had LGL that 
expressed IgG Fc receptors (Table 3). Two-color analysis 
showed that HNK-1 -- cells from patient 1 coexpressed CD3 
and CD8 and lacked expression of IgG Fc receptors (CD16). 
Results of two-color analyses of peripheral blood mononu- 


clear cells from patients 2 and 3 obtained while both patients 
were receiving steroid therapy were more heterogeneous. In 
both patients the majority of HNK-1+ cells lacked expres- 
sion of either CD3, CD8, or CD16, although 20% to 43% of 
HNK-1 + cells did express these other markers (Table 3). In 
spite of elevated numbers of mononuclear cells bearing 
NK-associated antigens, the NK activity in all three patients 
was markedly reduced («0.001 lytic units for patients 1 to 3, 
compared with 5.5, 10.4, and 2.2 lytic units obtained for 
normal concurrent controls for patients 1 to 3, respectively). 
Cytogenetic studies showed normal karyotypes in phytohe- 
magglutinin-stimulated peripheral blood mononuclear cell 
cultures from patient 1 and in unstimulated peripheral blood 
mononuclear cell cultures from patient 3. There were no 
analyzable metaphases in unstimulated peripheral blood 
mononuclear cell cultures from patient 1. 

Results of neutrophil antibody studies are shown in Table 
4. Leukoagglutination studies were negative in all three 


Table 2. Bone Marrow Differential Counts 








Patients 

Counts 1(No 1) 1 (No. 2) 2 3 Normal* 
Erythroid 9.8 15.2 27.4 34.0 15.0-36.2 
Myeloblast 04 0.2 1.3 19 0.1-1.7 
Promyelocyte 78 09 1.7 3.5 19-4.7 
Myelocyte 12 65 1.5 8.5 8.5-16 9 
Metamyelocyte 09 43 0.9 4.4 7 1-247 
Bands + segments 0.9 24.6 63 85 13.2-26.4 
Lymphocytes 619 39.9 46 5 294 8 6-23.8 
Other 17.1 8.4 14.4 9.8 — 
Blood PMN 0 1,540 900 NA 





Abbreviations: NA, not available; PMN, polymorphonuclear cells 
*A 95% confidence range.?? 
Results expressed as a percentage, 500 cells counted 
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Fig 2. The top graph depicts serial total lymphocyte counts 
(black circles) and LGL counts (white circles) obtained from patient 
1 during one period of neutrophil cycling (bottom graph). Although 
there were fluctuations in both total lymphocytes and LGL, a 
regular periodicity similar to that of neutrophils was not 
observed. 


patients. There was no evidence for circulating antineutro- 
phil antibodies in either patient 1 or 3; in contrast, both IgG 
and IgM antibodies were demonstrated in the serum of 
patient 2. High levels of neutrophil-associated IgM were 
documented in patient 2; this patient also had elevated serum 
levels of IgM (808 mg/dL). In addition, there was a slight 
increase in neutrophil-associated IgG in patient 3. Of note, 
patient 3 had previously been shown to have a normal 
neutrophil survival.” 


DISCUSSION 


This study suggests that adult-onset cyclic neutropenia 
may be distinguished morphologically from the more com- 
mon childhood-onset cyclic neutropenia by the presence of 
increased numbers of circulating LGL. All three patients 
with the adult-onset disorder met clinical and hematologic 
criteria for cyclic neutropenia: (1) recurrent symptoms of 
fever, malaise, aphthous stomatitis, and occasional superfi- 
cial infections and (2) periodic episodes of profound neutro- 
penia associated with reciprocal monocytosis. In patients 1 


Table 3. Expression of NK Cell-Associated Antigens on 
Peripheral Blood Mononuclear Cells of Patients With Adult-Onset 
Cyclic Neutropenia (Percentage Positive) 





Patient 
Antigens 1 2 3 Normal* 
HNK-1- total 46 54 60 13 + 3.9 
HNK-1+,CD3(T3)+ 35 11 16 2+0.8 
HNK-1+,CD8(T8)+ 41 14 17 3+ 1.6 
HNK-1+,CD16(IgG FcR) + 1 23 20 422.4 
CD16+ total 5 34 30 13 + 6.4 





*Normal values shown represent the mean + SD obtained from four 
normal controls. 
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Table 4. Neutrophil Antibody Results 


Immunofluorescence 
Direct* Indirectt 
Patient Lag IgG IgM IgG IgM 
1 negative ND ND 05 0.9 
2 negative 1.5 5.9 29 103 
3 negative 2.0 0.9 08 06 
Normalt — 0-1.9 0-14 0-2.4 0-18 


Abbreviation: Lag, leukoagglutination; ND, not determined 
*Results expressed as multiples of values for control cells. 
TResults expressed as multiples of values for autologous serum. 
iA 95% confidence limit. 


and 3 the cycle length was within the 20- to 22-day cycle 
period seen in 85% of patients with cyclic neutropenia,’ 
whereas the cycle length in patient 2 was a bit longer (27 
days). Furthermore, the cycle lengths of individual patients 
were very stable when studied at intervals of several years, a 
feature of classic cyclic neutropenia.'? 

Results of lymphocyte surface antigen phenotyping in 
these patients with acquired cyclic neutropenia revealed 
some heterogeneity. Mononuclear cells from the only patient 
studied in an untreated state (patient 1) were CD3+, 
CD8+, HNK-1+, CD16—. The other two patients also had 
increased numbers of HNK-1+ cells; approximately 40% of 
these cells also expressed IgG Fc receptors, a surface antigen 
normally associated with active NK cells.?^?" Of note, NK 
activity of peripheral blood mononuclear cells from all three 
patients was very low, a finding previously noted in most 
patients with large granular lymphocytosis and chronic 
neutropenia 22? 

No prior studies of LGL in adult-onset cyclic neutropenia 
have been reported. Lymphocyte subpopulations have been 
studied in three children with cyclic neutropenia,"* but 
LGL were examined in only one of these patients." In that 
report, LGL (defined as HNK-1+ cells) fluctuated from 
0.7% to 7.5% of the total blood lymphocytes; using this data, 
we estimate that absolute LGL numbers were always below 
300/ uL, consistent with our finding of normal LGL counts 
in the childhood disorder. 

The syndrome of chronic neutropenia associated with 
excess LGL was first described in 1977 and has recently been 
reviewed.? We showed previously that in at least some of 
these patients this disorder represents a leukemia of LGL 
that is characterized by autoimmune manifestations and 
infiltration of splenic red pulp, hepatic sinusoids, and bone 
marrow by immature NK cells.? Although cycling of neutro- 
phil counts did not occur in patients with LGL leukemia 
(unpublished observations), the three patients with adult- 
onset cyclic neutropenia we report here do share features of 
that disease: (1) excess LGL that express some NK surface 
antigens yet have little NK activity and (2) lymphocytic 
infiltration of splenic red pulp cords and possibly bone 
marrow. In contrast, our patients with adult-onset cyclic 
neutropénia did not have arthritis or positive tests for antinu- 
clear antibody or rheumatoid factor, common features of 
LGL leukemia? Furthermore, they have had extraordi- 
narily prolonged illnesses ranging from 8 to 14 years, demon- 
strating a remarkable stability of the disorder. 
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The etiology of cyclic neutropenia is not known. Previous 
marrow transplantation studies have suggested that this 
disorder is a result of a periodic failure of myelopoiesis 
occurring at the stem cell level.*?! However, it may not be 
possible to generalize these studies performed in the autoso- 
mal recessive model disease of grey collie dogs or in human 
childhood-onset cyclic neutropenia to the adult-onset disease 
in humans. Kinetic studies, though, have shown normal 
neutrophil survival, fluctuating neutrophil reserves, and vir- 
tually absent myelocyte incorporation of ?H-thymidine dur- 
ing neutrophilia in both childhood-onset and adult-onset 
disease in humans,'** strongly suggesting a common final 
pathway for the neutropenia, namely periodic failure of 
production. In patients with LGL leukemia, on the other 
hand, there is some evidence that neutropenia is secondary to 
autoimmune peripheral destruction.?^ In contrast to these 
findings, not all of our patients with adult-onset cyclic 
neutropenia had antineutrophil antibodies. Furthermore, 
normal neutrophil half-life was demonstrated previously in 
patient 3. These data suggest that the mechanism of 
neutropenia in patients with adult-onset cyclic neutropenia 
may differ from that observed in patients with LGL leuke- 
mia. 

Perhaps of most interest was the dramatic clinical 
response to alternate-day steroid therapy. Both patients 2 
and 3 had correction of neutrophil cycling; the other patient 
declined such treatment. Therapy was associated with stabi- 
lization of bone marrow neutrophil precursors and neutrophil 
marrow reserves in patient 3.^ Although LGL counts still 
remained greater than normal, clinical remission induced by 
prednisone was also associated with a reduction in numbers 
of LGL. Thus, it seems likely that increased LGL are 
involved in adult-onset cyclic neutropenia, either as a causa- 
tive factor or as still another phenomenological component of 
cyclic fluctuations of stem cells. Whether LGL cycle in all 
untreated patients would be interesting to know but can not 
be determined from this study; in any event, the marked 
elevation of LGL levels in patients with adult-onset disease is 
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in striking contrast to the normal levels in childhood-onset 
disease. Also of note, a lymphoid infiltration of splenic red 
pulp cords was documented in patient 1, 2 years before the 
clinical and hematologic onset of cyclic neutropenia. Fur- 
thermore, LGL are known to produce multiple regulatory 
factors,“ and it has been emphasized that cyclic neutrope- 
nia may be secondary to an abnormality in feedback regula- 
tion of hematopoiesis.” 

Two other patients with cyclic neutropenia have been 
reported to respond to steroid therapy." Another patient 
had a temporary response to plasmapheresis.“ Documented 
improvement in neutrophil counts was also observed in at 
least three patients following splenectomy,*’ in one patient 
undergoing splenectomy and receiving adrenocorticotropic 
hormone injections! in two patients receiving androgen 
therapy,” and in one patient receiving lithium.* All of these 
patients had the adult-onset form of cyclic neutropenia; 
lymphocyte morphology was not noted. In contrast, no 
successful therapy for childhood-onset cyclic neutropenia has 
been reported. The results of our study indicate that adult- 
onset cyclic neutropenia may be characterized by markedly 
increased LGL and suggest that the pathogenesis of this 
form of the disease may be different from the childhood- 
onset disorder. Furthermore, this form of the disease may be 
amenable to steroid or other therapy. Future studies on 
similar patients may provide further insight into the patho- 
genesis of cyclic neutropenia and the regulatory role of LGL 
in myelopoiesis. 
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Acute Lymphoblastic Leukemia and Non-Hodgkin's Lymphoma of T Lineage: 
Colony-Forming Cells Retain Growth Factor (Interleukin 2) Dependence 


By lvo Touw, Ruud Delwel, George van Zanen, and Bob Lowenberg 


The regulatory role of interleukin 2 (IL 2) in the prolifera- 
tion of T acute lymphoblastic leukemia (T-ALL) and T 
non-Hodgkin's lymphoma (T-NHL) cells from six individual 
patients was analyzed in a colony culture system to which 
pure recombinant IL 2, and the lectin phytohemagglutinin 
(PHA) or the phorbol ester 12-0-tetradecanoyl phorbol- 
13-acetate (TPA), had been added. The proliferative 
response was correlated with the inducibility of receptors 
for IL 2 on the surface membrane of T-ALL and T-NHL cells 
by incubation with TPA or PHA for 18 hours. Leukemic T 
cell colonies, identified by immunophenotyping or cytoge- 
netic analysis, appeared in vitro following TPA and IL 2 
stimulation in all six cases. Accordingly, receptors for IL 2, 
initially absent from the cell surface, were found on high 
proportions of the T-ALL and T-NHL cells after in vitro 
exposure to TPA. In contrast, colony formation stimulated 
by PHA and the induction of IL 2 receptors by PHA were 
limited to the one case of T-NHL with the mature thymo- 


TTEMPTS AT UNDERSTANDING the underlying 
mechanisms of tumor growth are concerned with the 
possibility that neoplasms are disturbed in their response to 
growth factors. Their uncontrolled outgrowth may be caused 
by an altered sensitivity to growth regulators (eg, as a result 
of aberrant expression or function of membrane receptors) or 
to the acquired ability to self-produce factors.! These phe- 
nomena have been described for a variety of tumors and ina 
number of cases were found to correlate with the expression 
of oncogenes."* Alternatively, proliferation of tumor cells 
may become completely independent of normal growth regu- 
lators. 

The availability of interleukin 2 (IL 2) gene probes, pure 
recombinant IL 2 preparations, and monoclonal antibodies 
(MoAb) reactive with cell surface membrane receptors for 
IL 2?$ allows for the analysis of the growth requirements of 
human T cell leukemias. These approaches have been pur- 
sued mainly in leukemias of mature T cell type, in 
particular, those associated with the human T cell lympho- 
tropic virus I (HTLV I).” Until now, however, scarce infor- 
mation was available on the control of proliferation by IL 2 in 
immature type T cell neoplasms, ie, T acute lymphoblastic 
leukemia (T-ALL) and certain T cell non-Hodgkin's lym- 
phomas (T-NHL) 

In the present study, we have examined T-ALL and 
T-NHL cells from six individual patients for their prolifera- 
tive response to IL 2. We applied a colony culture technique 
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cyte immunophenotype. The cells from the other patients, 
expressing common or prothymocyte phenotypes, did not 
respond to PHA. No colonies were formed in any of these 
cases when PHA or TPA was withheld from the IL 2- 
containing cultures. Although colony growth depended 
absolutely on exogenous IL 2 in three cases (ALL), in the 
three other cases (one ALL, two NHL) some colonies grew 
also when no IL 2 had been added to the cultures. Upon 
further analysis of the cells of one of the latter patients, it 
was found that the cells produced IL 2 and proliferated in 
response to this endogenous IL 2. The results from this 
study indicate that the requirements of endogenous v ex- 
ogenous IL 2 for cell proliferation in T-ALL and T-NHL and 
IL 2 receptor activation by PHA and TPA vary from patient 
to patient. In addition, they support the notion that T-ALL 
and T-NHL cells have not lost dependence on IL 2 and IL 2 
receptor activation for in vitro growth. 

© 1986 by Grune & Stratton, Inc. 


in which pure recombinant IL 2 (r-IL 2) was added as the 
single growth factor. The lectin phytohemagglutinin (PHA) 
or the phorbol ester 12-0-tetradecanoylphorbol-13-acetate 
(TPA) was supplemented simultaneously for activation of 
the cells. 

Our findings indicate that distinct patterns of IL 2 and 
activation requirements can be recognized in individual cases 
of T-ALL and T-NHL. However, like normal T cells, the 
leukemia cells remain dependent on TPA or PHA activation 
and IL 2 for proliferation. The proliferating neoplastic cells 
do not acquire new surface antigens indicative of maturation 
to later cell stages, suggesting that their capacity to differen- 
tiate in vitro is very limited. We conclude that proliferation 
of T-ALL and T-NHL cells cannot be simply explained by 
the loss of control by IL 2 or by the aberrant (ie, independent 
of activation) expression of membrane receptors for IL 2. 


MATERIALS AND METHODS 


Patient data and immunologic phenotypes of leukemic T 
cells Selected clinical and immunologic data of the patients 
entered into this study are summarized in Table 1 Patients with 
prothymocytelike (stage I) leukemic cells (TdT+, WT1+, E+/—, 
T3—, T4-, T6—, T8—) had been diagnosed cytohistopathologically 
as cases of T-ALL (patients 1 to 3) and patients carrying thymocyte- 
like (stage II, stage IIT) malignant T cells (T3—, T6+, T4/T8+ or 
T3+, T4+, T10+, T6—, T8—) as T-ALL (patient 4) or leukemic 
T-NHL (patients 5 and 6).9? 

Isolation of leukemic T cells.  Leukemic cells were isolated from 
peripheral blood or bone marrow at diagnosis, after informed 
consent, using Ficoll-Isopaque separation." A further separation 
was applied to remove residual normal (E+, T3--) T lymphocytes 
because, in most cases, these could interfere with leukemic growth in 
the IL 2-supplemented cultures In one case of E rosette-negative 
T-ALL (ie, patient 1), normal T cells were eliminated by E rosette 
depletion using 2-aminoethylthiouronium bromide (AET)-treated 
sheep erythrocytes as described.! 

In the other case (1e, patients 2 through 5), residual normal T 
lymphocytes were removed from the leukemic cell fractions on the 
basis of differential T3 antigen expression on normal and neoplastic 
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Table 1. Selected Data of Patients With T-ALL and T-NHL 





Blood Leukocyte 

Patient Age Sex Diagnosis Count (x 1079/L) 
1 8 F T-ALL 180 
2 4 F T-ALL 100 
3 10 M T-ALL 200 
4 30 M T-ALL 53 
bi 19 M T-NHL 40 
6§|| 63 M T-NHL 166 


Leukemic Immunophenotype* 
(Percentage of Positive Cells) 


WT It T3 T4 T6 T8 E 


98 (0) o o o o 
45 ie) o Oo 0 75 
100 w 7 3 13 93 
98 0 34 98 96 92 
ND o0 34 37 64 80 
96 98 94 (0) 0 95 





Abbreviation: ND, not determined 


* Assessed by indirect immunofluorescence and E rosetting (200 cells counted). 


TWeak expression (see Fig 1). 

Diffuse, lymphoblastic lymphoma. 

SEighty-eight percent of the cells expressed T 10 antigens 
||Diffuse, well-differentiated lymphocytic lymphoma. 


Patients 1 to 5 are terminal deoxynucleotidyl transferase (TdT]-positive; patient 6 ts TdT-negative. In none of the cases did the leukemic cells express 


la antigens. 


T cells by fluorescent staining of the T3 antigen (see the subsequent 
sections) followed by fluorescence-activated cell sorting (FACS 440, 
Becton Dickinson, Sunnyvale, Calif) (Fig 1). The cells of patient 6 
were studied without further separation because both cytogenetic 
and immunologic analysis of fresh and cultured cells indicated that 
contaminating growth of normal T cells did not occur. 

Isolation of E rosette-forming lymphocytes from normal periph- 
eral blood samples. E rosette-forming lymphocytes were recov- 
ered from the sediment after centrifugation of AET-treated E 
rosetted cells through Ficoll-Isopaque as described.!! Sheep erythro- 
cytes were removed from these fractions by hypotonic lysis (incuba- 
tion for five minutes at 37 °C in 0.75% wt/vol NH4Cl in 3 mmol/L 
Tris-HCl, pH 7.2). 

Immunofluorescence. Surface membrane antigens on fresh and 
cultured cells were assayed by indirect immunofluorescence micros- 
copy using murine MoAb and goat antimouse Ig immunoglobulins 


leukemic cells 


RELATIVE CELL NUMBER 


residual normal 
T lymphocytes 





0 200 
LOG FLUORESCENCE INTENSITY 


Fig 1. FACS histograms of Ficoll-Isopaque isolated cells of 
patient 3 (T-ALL) after OKT3 + GAM FITC (—) and GAM/FITC 
control (—-) staining. The ALL cells of this patient showed a weak 
T3 antigen expression, whereas residual normal T lymphocytes 
linterfering strongly with leukemic colony growth) express the T3 
antigens in a high density on their cell surface. To eliminate the 
normal T cells from the ALL cell sample of this patient (and of 
patients 2, 4, and 5) cell sorting was performed on the basis of T3 
fluorescence intensity. The vertically drawn interrupted line indi- 
cates the level at which the cells were separated; ALL cells were 
recovered left from this line (the fraction with low fluorescence 
intensity). 


coupled to fluorescein isothiocyanate (GAM/FITC; Nordic Immu- 
nology, Tilburg, The Netherlands). The presence of TdT in the cell 
nuclei was assessed on cytocentrifuged cells using an indirect 
immunofluorescence kit (GIBCO, Ghent, Belgium). 

MoAb. MoAb reactive with the T3, T4, T6, T8, and T10 
antigens and with the Ia antigen were obtained from Ortho Pharma- 
ceutical Corp (Raritan, NJ) and all used in a 1:40 dilution. MoAb 
WTI, reactive with a pan-T cell antigen? was supplied by Dr 
W.J.M. Tax (Nijmegen, The Netherlands) and used in a titer of 
1:100 MoAb anti-IL 2 receptor (aIL 2r) obtained from Becton 
Dickinson (Mountain View, Calif) was used in à 1;20 dilution. The 
reactivity of this antibody is identical to that of anti-Tac.'* MoAb 
B13.9, detecting a myelocytic antigen, was a gift from Dr P. 
Lansdorp (Central Laboratory of The Netherlands Red Cross Blood 
Transfusion Service, Amsterdam). 

Colony culture. Colony cultures were performed basically as 
described for normal T cell colony formation with the following 
modifications: (1) Feeder leukocytes were not included in the system 
as a source of growth stimuli. Instead, pure r-IL 2 (Biogen SA, 
Geneva) was added to the culture upper layer. (2) Either PHA 
(reagent grade, Wellcome Reagents, Dartford, England) at a con- 
centration of 0.7% vol/vol or the phorbol ester TPA at a concentra- 
tion of 7 ng/mL (Sigma Chemical Co, St Louis) were used as 
mitogens in culture. 

Colony cells were mass harvested with a Pasteur pipette, washed 
three times with phosphate-buffered saline (PBS), and prepared for 
indirect immunofluorescence and E rosette formation. 

In one case (patient 6), the colony cells were analyzed cytogeneti- 
cally (Dr A. Hagemeyer, Department of Cell Biology and Genetics, 
Erasmus University, Rotterdam). 

Induction of IL 2 receptors. Short-term (18 hours) suspension 
cultures supplemented with PHA or TPA to induce membrane 
receptors for IL 2 were performed as described.' After culture, the 
cells were washed three times with PBS and prepared for indirect 
immunofluorescence with the aIL 2r antibody. 

Microculture of NHL cells and in vitro blocking of IL 2 recep- 
tors. Proliferation of NHL cells in culture as measured by ?H- 
thymidine (TdR) uptake was examined with and without blocking of 
IL 2 receptors. Parallel cultures were established to which MoAb 
aIL 2r (IgGl, noncytotoxic), control MoAb (OKT3, B13.9) or no 
MoAb had been added at their initiation A quantity of 1 x 10 cells 
were cultured in triplicate in round-bottom microtiter wells (Grei- 
ner, Alphen an den Rijn, The Netherlands) for three days in 100 uL 
RPMI 1640 medium (GIBCO) with 10% heat-inactivated fetal calf 
serum supplemented with 5 x 1075 mol/L beta-mercaptoethanol 
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and L-glutamine (referred to as complete RPMI medium) supple- 
mented with 0 1% PHA. 

Sixteen hours before harvesting of the cells (Titertek Cell Harves- 
ter 550) 0.1 „Ci of TdR (Amersham Corp, Amersham, UK; specific 
activity, 2 Ci/mmol) was added to each microwell Radioactivity 
was measured by liquid scintillation counting (Beckman LS 3800, 
Beckman Instruments, Inc, Fullerton, Calif). All cultures were 
performed in triplicate. Data are expressed as mean dpm + SD of 
triplicate cultures. 

IL2assay Murine IL 2-dependent cytotoxic T lymphocyte cell 
line (CTLL) cells (a gift from S Knaan-Shanzer, Radiobiological 
Institute TNO, Rijswijk, The Netherlands) were cultured in tripli- 
cate after three washings with Hanks’ balanced salt solution 
(HBSS) in complete RPMI medium at 1 x 10° cells/100 uL in 
microtiter wells. At 20 hours, cultures were supplemented with 0.1 
uCi TdR, and four hours later, the cells were harvested and assayed 
for TdR incorporation by liquid scintillation counting. 

To estimate IL 2 concentration 1n T-NHL culture supernatant, 
the proliferation of CTLL cells in the presence of these supernatants 
was compared with proliferation in response to titrated r-IL 2 
concentrations (ranging from 0.01 to 100 U/mL). 

Preparation of T-NHL culture supernatant. A quantity of 2 x 
106 cells T-NHL cells/mL complete RPMI medium with or without 
1% vol/vol PHA in 6-mL tubes (Greiner) was placed in the 
incubator for three days Supernatants were then recovered, filter 
sterilized through a 0 22-um filter (Millipore, Bedford, Mass), and 
stored at —20 °C. 


D 


RESULTS 


Induction of IL 2 receptors. Untreated T-ALL and 
T-NHL cells, like normal peripheral blood T lymphocytes, 
did not express membrane receptors for IL 2 as measured in 
indirect immunofluorescence using MoAb aIL 2r (Table 2). 
Studies on cells from short-term (18 hours) suspension 
cultures then disclosed that IL 2 receptors appeared on 
significant proportions of the cells when TPA or PHA had 
been added to these cultures (Table 2). In the absence of 
TPA/PHA, IL 2 receptor induction did not occur. A striking 
discrepancy with respect to PHA sensitivity was evident 
between the prothymocyte or immature thymocytelike leuke- 
mia cells (ie, patients 1 to 5) and the normal T lymphocytes. 
These leukemias, in contrast to the normal T cells, did not 
respond to PHA. In contrast, the cells of patient 6 carrying a 
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mature thymocyte phenotype were sensitive to activation by 
both TPA and PHA, thus sharing this property with normal 
peripheral T cells. 

Colony stimulation. To assess the proliferative response 
of the normal T and the T-NHL/T-ALL cells to IL 2, the 
cells were plated in colony culture under selected stimulatory 
conditions (Table 2). 

Colony formation by the normal T lymphocytes depended 
on the presence of both IL 2 and mitogen (either PHA or 
TPA). When the addition of mitogen (ie, PHA or TPA) was 
omitted from IL 2-containing cultures, no colonies were 
formed, which is in agreement with the finding that nonacti- 
vated T cells lack membrane receptors for IL 2. On the other 
hand, suboptimal colony formation was noted in the presence 
of TPA or PHA when no IL 2 had been added to the cultures. 
The fact that some normal T cell colonies develop in non-IL 
2-supplemented cultures is most likely to be explained by 
endogenous production of IL 2 by the T cells stimulated by 
the IL 1-like activity of TPA” and/or some residual mono- 
cytes present among the cells. 

The colony-forming abilities of the cells from patients 1 to 
5 were clearly different from those of normal blood T 
lymphocytes. The cells did not form colonies in response to 
PHA even when IL 2 had been added to culture. In contrast, 
when combined with TPA, IL 2 stimulated the formation of 
considerable numbers of colonies in all of these cases. The 
capacity of the cells to form colonies in response to TPA but 
not to PHA was entirely in accordance with, respectively, the 
ability and inability of these compounds to induce IL 2 
receptors in the individual cases. The cells of patient 6 
showed a divergent response pattern: colony formation and 
IL 2 receptor induction occurred with either TPA or PHA. 

To define the IL 2 dependence of T-ALL and T-NHL 
colony-forming cells, IL 2 dose titration experiments were 
performed (Fig 2). These experiments show that the T-ALL 
cells of patients 1 and 3, activated by TPA, like normal T 
lymphocytes require the addition of IL 2 to the cultures for 
optimal colony formation (panels A, B, and D). Patient 1 is 
representative of the pattern in which the cells are typically 
absolutely dependent on the exogenous supply of IL 2 to 
culture. This type of response also applies to that in patients 2 


Table 2. induction of IL 2 Receptors and Colony Formation 





IL 2 Receptor Expression 








(Positive Cells) TPA 
Percentage +1IL2 
Patient* of Untreated TPA} PHAt 25 

1 0 97 o 76 
2 0 47 0 30 
3 3 61 5 47 
4 o 20 0 14 
5 5 18 2 35 
6 0 22 95 41 
Normal T§ o 55 24 ND 
Normal TẸ 0 26 55 410 


Colony Formationt 
(Different Stimulatory Conditions) 


PHA L2 

TPA + 1IL2 PHA 25 None 
0 0 9" 0 0 
o 0 o 0 o 
36 iU o 0 o 
0 0 o 0 0 
23 8 0 0 0 
o 166 106 o o 
ND 539 88 o 0 
266 872 72 o [S 





*See Table 1 for a description of the patients. 
Colony numbers per 2 x 105 plated cells 


{Determination of IL 2 receptors following 18 hours of TPA/PHA-supplemented suspension culture (see Materials and Methods). 


SE-positive lymphocytes purified from normal donor peripheral blood 
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Fig2. Induction of ALL/NHL (A, B, C) and normal (D) T colony 
formation with titrated doses of r-IL 2. The data are expressed as 
percentages of maximal colony stimulation. (A) T-ALL patient 
1. (B) T-ALL patient 3. (C) T-NHL patient 6. (D) E+ lymphocytes 
purified from normal peripheral blood: y—v, TPA costimulation; 
@—@, PHA costimulation. 


and 4. Plateau IL 2 requirements for leukemic colony 
formation were variable, ie, 25 units per culture dish for 
patient 1 and 0.1 units per dish for patient 3. Further 
increases in IL 2 concentrations (up to 500 units per culture 
dish) did not significantly alter the numbers of (normal and 
leukemic) colonies. 

The TPA-activated T-ALL cells of patient 3 produced 
colonies (although in suboptimal numbers) without the addi- 
tion of IL 2. A similar phenomenon was evident with the 
T-NHL cells of patient 6 cultured with PHA (panel C). 
These findings raise the possibility that certain T-ALL and 
T-NHL cells are capable of IL 2 release and autostimulation 
(see the following). 

Colony typing. Membrane marker analysis was per- 
formed.after colony culture (Table 3), and the immunophe- 
notypes of colony cells were compared with those of the fresh 
cells. 

Immunologic phenotypes of the leukemic colony cells in 
general reflected similar stages of maturation as the cells 
before culture. For example, colony cells from patients 1, 2, 
and 3 still expressed the surface antigens characteristic of 
their preculture immaturity (Table 1). 

Colony cells of patients 4 and 5 appeared slightly more 
mature than the cells before culture, since they had largely 
lost the T6 antigen. In neither of these two cases, however, 
had maturation progressed toward the T3-positive mature 
thymocyte differentiation stage. Normal T cell colonies 
(Table 3) contained mature activated T lymphocytes with a 
blastic appearance and a mature T cell immunophenotype, 
ie, T3+, Td or T8+, T6—, WT1 +, and E+. Colony cells of 
patient 6 expressed the normal phenotype. It was identical to 
that of the preculture cells, ie, resembling that of mature 
activated normal helper T cells (T3, T4+, T6—, T8—, 
T10+). The fact that these colonies were indeed leukemic 
was apparent from cytogenetic analysis. It was found that 
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Table 3. Surface Membrane Antigens on Colony Cells 





Percentage of Positive Colony Cells 





Patient* WT1 T3 T4 T6 T8 E 
1 96 0 o 5 1 0 
2 77 1 13 0 0 95 
3 88 3 0 3 o 85 
4 86 0 o 0 98 90 
5 65 4 70 16 9 73 
6 100 58 85 o 0 96 
Normal T 65 90 60 0 26 86 
Normal T 88 87 67 0 27 90 


*Preculture phenotypes of the leukemic cells are given in Table 1. 
tAssessed by indirect immunofluorescence (200 cells counted) 


91% of the colony cells in metaphasis had the complex 
cytogenetic abnormality [46, XY, 6q—, 7p+, t(8p+; 
llp—q?), 12 q+, —14, 15p+, + Mar (14q—?)] that had 
been demonstrated in 76% of the fresh NHL cells in meta- 
phasis. 

Analysis of growth requirements of leukemic T cells that 
do not depend on the addition of IL 2 for prolifera- 
tion. Colony formation in three cases occurred in spite of 
the absence of exogenous IL 2 (ie, in patients 3 and 5 with 
TPA alone and in patient 6 with PHA alone) (Table 2, Fig 
2). Possible explanations for these findings are that these 
leukemias either proliferated independently on IL 2 or that 
IL 2 was needed but provided by the neoplastic cells them- 
selves. To clarify this question, the cells of patient 6 (NHL) 
were studied in TdR incorporation microculture assays (Fig 
3). First, it was investigated whether the cells were capable 
of IL 2 production. Culture supernatants conditioned by 
PHA-activated T-NHL cells (T-NHL-CM ) were tested for 
IL 2 activity by inducing proliferation of CTLL cells (murine 
IL 2-dependent cell line). From Fig 3A it can be seen that 
increasing concentrations of T-NHL-CM stimulated CTLL 
proliferation progressively. IL 2 activity of the T-NHL-CM 
was estimated at approximately 5 u/mL by comparison with 
dose response relationships of pure r-IL 2. Without PHA 
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Fig 3. Microculture analysis of IL 2 production (A) and the 
effect of IL 2 receptor blocking on proliferation (B) (T-NHL patient 
6). A. Dose-dependent proliferation induction of fully IL 2- 
dependent murine CTLL cells by increasing concentrations of 
culture medium conditioned by the leukemic T cells (T-NHL-CM). 
B. Inhibition of proliferation of T-NHL cells in cultures with PHA 
and without exogenous IL 2 following the addition of MoAb alL 2r 
at three different concentrations. 


1092 


activation, the culture media conditioned by the NHL cells 
contained only 1 U/mL IL 2 activity. 

The elaboration of IL 2 in the culture medium by the 
NHL cells of patient 6 and the appearance of IL 2 receptors 
on these cells following PHA stimulation suggested that their 
proliferation depended on the release of endogenous IL 2. 
Therefore, we investigated the effect of blocking IL 2 
membrane receptors (with the anti-IL 2 receptor MoAb aIL 
2r) on the proliferation of the T-NHL cells in the absence of 
exogenous IL 2 (Fig 2B). Culturing of the cells in the 
presence of MoAb aIL 2r resulted in a 60% to 70% inhibition 
of TdR incorporation. On the other hand, (1) the incubation 
of T-NHL cells with control MoAb OKT3 (IgG2a) or B13.9 
(IgG1) or (2) the incubation of control (acute myelogenous 
leukemia) cells with MoAb aIL 2r did not result in a 
significant suppression of TdR incorporation. Taken 
together, these data confirm that the T-NHL cells of patient 
6 indeed require IL 2 for proliferation. Notably, however, 
exogenous IL 2 is not required because the cells elaborate 
their own IL 2 at effective concentrations. 


DISCUSSION 


The induction of proliferation of normal T lymphocytes in 
vitro involves a dual-step mechanism 1n which an activator 
(eg, antigen, lectin, phorbol ester) and the lymphokine IL 2 
(previously designated as T cell growth factor) are both 
essential components. Activation is required to induce 
receptors for IL 2 on the T cell membrane, thereby rendering 
the cells sensitive to the growth factor. The discovery that 
certain (HTLV-infected) leukemias of mature T cell type 
continuously express IL 2 receptors without prior activation? 
and the finding that some cutaneous T cell leukemia/ 
lymphoma cell lines produce and respond to IL 2/9? sup- 
ported the idea that the growth of leukemic T cells depends 
on a permanent responsiveness to IL 2 in association with the 
ability to self-produce this growth factor. Such a model of 
autostimulation driven by IL 2 was initially thought to be 
crucial in the development of HTLV-associated neoplasms."? 
However, this suggestion was later considered less likely 
because it was found that not all HTLV-induced leukemias 
are capable of IL 2 production. In addition, the cells of the 
latter neoplasms do not always require (endogenous or 
exogenous) IL 2 for proliferation?! 

In another class of mature T cell leukemia, ie, malignant 
cutaneous T cell lymphoma (Sézary syndrome), the cells 
were found to produce and respond to IL 2 in vitro following 
stimulation with PHA and TPA.” Sézary cells, with few 
exceptions, are not infected with HTLV.? They generally 
lack spontaneous IL 2 receptor expression and are therefore 
dependent on mitogenic stimulation. The autocrine secretion 
of IL 2 by Sézary cells, however, is not a tumor-associated 
characteristic because normal T helper lymphocytes express 
the same ability.?*5 

The role of IL 2 in the regulation of the growth of T-ALL 
and T-NHL has as yet remained a rather unexplored area. 
The present study was undertaken to establish the in vitro 
culture requirements of these T cell neoplasms. The results 
from colony culture and TdR incorporation experiments 
indicate that T-ALL and T-NHL cells from six individual 
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patients had remained dependent on IL 2 (either added to the 
cultures or endogenously produced) for proliferation (Table 
2, Figs 2 and 3). Besides IL 2, T-ALL and T-NHL cells 
require activation by TPA for colony growth. In all cases, 
colonies were formed in TPA- plus IL 2-supplemented 
cultures (Table 2). TPA is needed for the induction of IL 2 
surface membrane receptors on the T-ALL and T-NHL 
cells. Fresh leukemic T cells lacked these receptors, whereas 
exposure to the phorbol ester resulted in their appearance on 
a high proportion of the cells (Table 2). The induction of 
receptors for IL 2 by TPA on certain leukemic T cell lines 
initially lacking such receptors has also been reported.” 
Thus, T-ALL and T-NHL cells share with normal T lym- 
phocytes the requirement of activation before they are 
capable of responding to IL 2. 

Although it is clear that the interaction of foreign antigen 
with antigen receptors on the cell surface is the in vivo 
activation signal for T lymphocytes and stage III thymo- 
cytes, no in vivo mechanism underlying activation of imma- 
ture T cell types (ie, not expressing the T3 antigen receptor 
complex on the cell membrane) is known. Therefore, no 
conclusions can as yet be drawn from our in vitro experi- 
ments as regards the role of IL 2 in the proliferation of stage I 
and stage II thymocyte like T-ALL and T-NHL cells in vivo. 
However, it was recently shown that IL 2 receptors are 
present on a population of freshly isolated murine thymo- 
cytes with an immature (Ly2—, L3T4—) immunopheno- 
type??? and on this basis, it was suggested that thymocytes 
can be activated by a stimulus intrinsic to the thymus." If 
this hypothesis is correct, it raises the possibility that, in vivo, 
the IL 2 responsivenes of leukemic T cells with stage I or 
stage II thymocyte immunophenotypes can be induced in situ 
in the thymus. Notably, thymic involvement is frequently 
observed in T-ALL and T-NHL. 

Unlike TPA, PHA exerted an effect only in the one case of 
T-NHL expressing a mature thymocyte (stage IIT) immuno- 
phenotype (Table 2, patient 6). The expression of IL 2 
receptors and colony formation were induced by PHA (as 
well as by TPA) in this mature (stage III thymocyte) positive 
NHL. The other, prothymocytelike or immature (stage I, 
stage II) thymocytelike tumors lacked PHA responsiveness. 
They share this inability with their putative normal thymic 
counterparts.” With Jurkat cells and a variety of mutants 
derived from this cel] line it was recently shown that the 
PHA responsiveness of T cells is directly related to the 
expression of the T3 antigen receptor complex on the cell 
surface.” 

In three cases (ie, patients 1, 2, and 4), colony formation 
was strictly dependent on the addition of IL 2 to culture. The 
fact that IL 2 had to be added suggests that the neoplastic 
cells were not capable of IL 2 production. However, on the 
basis of our experiments we cannot exclude the possibility 
that some IL 2, insufficient for autostimulation, was actually 
released by the cells of these patients. On the other hand, in 
the three other cases (ie, patients 3, 5, and 6) colony growth 
was apparent with TPA or PHA as a single additive to 
culture and did not require exogenous IL 2. It was docu- 
mented in one of these cases (patient 6) that the neoplastic 
cells produced considerable amounts of IL 2. Culture media 
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conditioned by the T-NHL cells of patient 6 contained IL 2 
activity on the order of 5 U/mL. Thus, we propose that 
T-ALL and T-NHL may be subdivided into categories on 
the basis of in vitro proliferation characteristics, ie, (1) 
responsive to both TPA and PHA, (2) responsive to TPA but 
not to PHA, (3) capable of IL 2 production in sufficient 
amounts for self-stimulation in colony culture, and (4) not 
capable of significant IL 2 production. 

Normal T cells at different stages of maturation may 
express identical features. Therefore, the results of our in 
vitro studies as yet do not provide indications for a disordered 
response to IL 2 underlying the uncontrolled proliferation in 
T-ALL and T-NHL. However, it is at present not known 
whether critical abnormalities exist in these T cell leukemias 
as far as the detailed requirements of activation of IL 2 
synthesis, activation and down-regulation of IL 2 receptors, 
and function of these receptors are concerned. Such abnor- 
malities have been described for adult T cell leukemia and 
certain leukemic T cell lines.$?! 

Results from immunophenotyping provided no positive 
evidence for differentiation of the T-ALL and T-NHL cells 
during colony formation in cultures supplemented with TPA. 
No acquisition of new differentiation antigens (eg, E, T3, 
T6) indicative of in vitro maturation of the leukemic T cells 
was apparent (Table 1, Table 3). These data contrast with 
those of experiments with certain leukemic T cell lines 
(Jurkat, CEM, and Molt-3) in which TPA was found to 
induce the expression of E rosette receptors and T3 anti- 
gens. 

Cloning efficiencies of T-ALL/T-NHL cells in IL 2 plus 
mitogen-containing cultures were significantly lower than 
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those of normal peripheral T cells (Table 2). This raises the 
question as to whether culture conditions were suboptimal 
for T-ALL and T-NHL, for example, because T-ALL and 
T-NHL cells require other lymphokines for proliferation 
besides IL 2. The finding that the aforementioned subpopu- 
lation of mouse thymocytes (ie, early Ly2— /L3T4— thymo- 
cytes) do not respond in vitro to IL 2, although the cells 
express functional (ie, high affinity) IL 2 membrane recep- 
tors,"?* suggests that other growth factors in combination 
with IL 2 act on early stages of (murine) T cell maturation 
and possibly on the leukemic counterparts of the analogous 
cell types. 

Results from previous work on non- T-ALL indicated that 
in vitro colony formation by common and pre-B-ALL cells 
depends on the combined exposure to IL 2 and a second 
factor elaborated by feeder leukocytes ' However, we could 
not demonstrate a significant effect of the same crude source 
of stimulation on colony-forming cells of ALL/NHL of T 
lineage (results not shown). To further elucidate the critical 
requirements additional to IL 2 for in vitro colony growth of 
T-ALL and T-NHL cells, the availability of pure (recombi- 
nant) growth factor preparations will be essential. 


ACKNOWLEDGMENT 


The expert technical assistance of Lianne Broeders, Ilona Dulfer, 
Loes van Eyk, Marius van der Haven, and Hans Hoogerbrugge is 
acknowledged. We thank A. Sugiarsi for accurately typing the 
manuscript. Highly purified recombinant IL 2 with a specific 
activity of 1.9 x 10* U/mg protein was a gift from Biogen SA, 
Geneva. 


REFERENCES 


1. Sporn MB, Todaro GJ: Autocrine secretion and malignant 
transformation of cells. N Engl J Med 303:878, 1980 

2. Waterfield MD, Scrace GT, Whittle N, Stroobant P, Johnsson 
A, Wasteson A, Westermark B, Heldin CH, Huang JS, Deuel TF: 
Platelet-derived growth factor is structurally related to the putative 
transforming protein p28™ of simian sarcoma virus. Nature 304 35, 
1983 

3 Downward J, Yarden Y, Mayes E, Scrace G, Totty N, 
Stockwell P, Ullrich A, Schlessinger J, Waterfield MD: Close 
similarity of epidermal growth factor receptor and v-erb-B oncogene 
protein sequences Nature 307 521, 1984 

4. Sporn MB, Roberts AB: Autocrine growth factors and cancer. 
Nature 313:745, 1985 

5. Devos R, Plaetinck G, Cheroutre H, Simons G, Degrave W, 
Taveriner J, Remant E, Fiers W Molecular cloning of human 
interleukin 2 cDNA and its expression in E. coli Nucleic Acids Res 
11:4307, 1983 

6. Uchiyama T, Broder S, Waldmann TA: A monoclonal anti- 
body (antiTac) reactive with activated and functionally mature 
human T cells J Immunol 126:1393, 1981 

7. Wong-Staal F, Gallo RC: The family of human T-lympho- 
tropic leukemia viruses: HTLV-I as the cause of adult T cell 
leukemia and HTLV-III as the cause of acquired immunodeficiency 
syndrome. Blood 65:253, 1985 

8. Greaves MF, Rao J, Hariri G, Verbi W, Catovsky D, Kung P, 
Goldstein G: Phenotypic heterogeneity and cellular origins of T cell 
malignancies. Leuk Res 5:281, 1981 

9 Nadler LM, Stashenko P, Reinherz E, Ritz J, Hardy R, 


Schlossman SF: Expression of normal differentiation antigens on 
human leukemia and lymphoma cells, in Rosenberg SA, Kaplan HS 
(eds): Malignant Lymphomas. Etiology, Immunology, Pathology, 
Treatment Cancer Symposia, vol 3. New York, Bristol Myers, 1982, 
p107 

10. Bóyum A Separation of leukocytes from blood and bone 
marrow. Scand J Clin Lab Invest 21:77, 1968 (suppl 97) 

11. Madsen M, Johnsen HE, Wendelboe Hansen P, Christiansen 
SE: Isolation of human T and B lymphocytes by E-rosette gradient 
centrifugation. Characterization of the isolated subpopulations. J 
Immunol Methods 33.323, 1980 

12. Touw I, Lowenberg B Variable differentiation of human 
acute myeloid leukemia during colony formation in vitro: A mem- 
brane marker analysis with monoclonal antibodies. Br J Haematol 
59:37, 1985 

13 Tax WJM, Tidman N, Janossy G, Trejdosiewicz L, Willems 
R, Leeuwenberg J, de Witte TJM, Capel PJA, Koene RAP 
Monoclonal antibody (WTI) directed against a T cell surface 
glycoprotein. Characteristics and immunosuppressive activity. Clin 
Exp Immunol 55.427, 1984 

14. Leonard WJ, Depper JM, Uchiyama T, Smith KA, Wald- ! 
mann TA, Greene WC: A monoclonal antibody that appears to 
recognize the receptor for human T cell growth factor. Partial 
characterization of the receptor. Nature 300.267, 1982 

15. Lówenberg B, de Zeeuw MC: A method for cloning T 
lymphocytic precursors in agar. Am J Hematol 6:35, 1979 

16. Touw I, Delwel R, Bolhuis R, van Zanen G, Lówenberg B: 
Common and pre-B acute lymphoblastic leukemia cells express 


1094 


interleukin 2 receptors and interleukin 2 stimulates in vitro colony 
formation. Blood 66:556 1985 

17. Rosenstreich DL, Mizel, SB. Signal requirements for T 
lymphocyte activation I. Replacement of macrophage function with 
phorbol myristic acetate. J Immunol 123.1749, 1979 

18 Morgan DA, Ruscetti FW, Gallo RC: Selective in vitro 
growth of T lymphocytes from normal human bone marrows. 
Science 193.1007, 1976 

19. Gallo RC, Wong-Staal F: Retroviruses as etiologic agents of 
some animal and human leukemias and lymphomas and as tools for 
elucidating the molecular mechanism of leukemogenesis. Blood 
60:545, 1982 

20. Gootenberg JE, Ruscetti FW, Mier JW, Gazdar A, Gallo 
RC: Human cutaneous T cell lymphoma and leukemia cell lines 
produce and respond to T cell growth factor. J Exp Med 154.1403, 
1981 

21. Arya SK, Wong-Staal F, Gallo RC: T-cell growth factor: 
Lack of expression in human T-cell leukemia virus infected cells. 
Science 223.1086, 1984 

22. Solbach W, Lange CE, Róllinghof M, Wagner H: Growth, 
interleukin 2 production, and responsiveness to IL 2 in T4-positive T 
lymphocyte populations from malignant cutaneous T cell lymphoma 
(Sézary's syndrome): The effect of cyclosporine A Blood 64:1022, 
1984 

23. Waldman TA, Greene WC, Sarin PS, Saxinger C, Bladney 
DW, Blattner WA, Goldman CK, Bongiovanni K, Sharrow S, 
Depper JM, Leonard W, Uchiyama T, Gallo RC: Functional and 
phenotypic comparison of human T cell leukemia/lymphoma virus 
positive adult T cell leukemia with human T cell leukemia/ 
lymphoma virus negative Sézary leukemia, and their distinction 
using anti-Tac monoclonal antibody identifying the human receptor 
for T cell growth factor. J Clin Invest 73:1711, 1984 

24 WeeSL, Bach FW: Functionally distinct human T cell clones 
that produce lymphokines with IL2-like activity. Hum Immunol 
9.175, 1984 

25 Meuer SC, Hussey RE, Cantrell DA, Hodgdon JC, Schloss- 


TOUW ET AL 


man SF, Smith KA, Reinherz EL: Triggering of the T3-Ti antigen- 
receptor complex results in clonal T-cell proliferation through an 
interleukin 2-dependent autocrine pathway. Proc Natl Acad Sci 
USA 81:1509, 1984 

26. Greene WC, Robb RJ, Depper JM, Leonard WJ, Drogula C, 
Svetlik PB, Wong-Staal F, Gallo RC, Waldmann TA: Phorbol 
diester induces expression of Tac antigen on human acute T lympho- 
cytic leukemic cells. J Immunol 133.1042, 1984 

27. Ceredig R, Lowenthal JW, Nabholz M, MacDonald HR: 
Expression of interleukin-2 receptors as a differentiation marker on 
intrathymic stem cells. Nature 314:98, 1985 

28. von Boehmer H, Crisanti A, Kisielow P, Haas W: Absence of 
growth by most receptor-expressing fetal thymocytes in the presence 
of interleukin-2. Nature 314:539, 1985 

29. De Vries JE, Vyth-Dreese FA, Figdor CG, Spits H, Leemans 
JM, Bont WS: Induction of phenotypic differentiation, interleukin 2 
production and PHA-responsiveness of “immature” human thymo- 
cytes by interleukin 1 and phorbol ester. J Immunol 131.201, 1983 

30. Weiss A, Stobo JD: Requirement for the coexpression of T3 
and the T cell antigen receptor on a malignant human T cell line J 
Exp Med 160:1284, 1984 

31. Tsudo M, Uchiyama T, Uchino H, Yodoi J: Failure of 
regulation of Tac antigen/TCGF receptor on adult T-cell leukemia 
cells by antiTac monoclonal antibody Blood 61:1014, 1983 

32. Nagasawa K, Mak TW: Phorbol esters induce differentiation 
in human malignant T lymphoblasts. Proc Natl Acad Sci USA 
77:2964, 1980 

33. Nagasawa K, Mak TW: Induction of human malignant 
T-lymphoblastic cell lines Molt-3 and Jurkat by 12-0-tetradecanoyl- 
phorbol-13-acetate: Biochemical, physical and morphological char- 
acterization. J Cell Physiol 109:181, 1981 

34, Ryffel B, Henning CB, Huberman E: Differentiation of 
human T-lymphoid leukemia cells into cells that have a suppressor 
phenotype is induced by phorbol 12-myristate 13-acetate. Proc Natl 
Acad Sci USA 79:7336, 1982 


Large Granular Lymphocytes From Patients 
With Expanded LGL Populations Acquire Cytotoxic Functions 
and Release Lymphokines Upon In Vitro Activation 


By V. Pistoia, E.F. Prasthofer, A.B. Tilden, J.C. Barton, M. Ferrarini, C.E. Grossi, and K. Zuckerman 


The phenotypic and functional features of purified large 
granular lymphocytes (LGL) from ten patients with LGL 
population expansions and cytopenias are described. 
The predominant LGL phenotypes were T3+, T8+, 
Leu-11+/—; however, in two patients, LGL expressed a 
T3—, Leu-11+ phenotype. Variable combinations of other 
LGL markers (OKM1, Leu-7), and HLA-DR were detected in 
individual cases. In nine of ten cases, freshly isolated LGL 
did not exert cytolytic activity for K562 target cells, but 
purified LGL cultured in the presence of recombinant 


ARGE GRANULAR LYMPHOCYTES (LGL) are a 
subset of lymphoid cells defined by morphologic and 
cytochemical criteria."? These cells display abundant cyto- 
plasmic azurophilic granules that stain with the cytochemi- 
cal reactions for lysosomal acid hydrolases but are peroxi- 
dase-negative.?? 

Several techniques for LGL purification have recently 
been developed that have allowed surface phenotype anal- 
ysis and determination of some functional properties of these 
cells.” It has been shown that LGL are phenotypically 
heterogeneous, the majority of them being OKMI*, Leu- 
11+, Leu-7+, and T3—, T8—. Other cells express T3 and 
T8 determinants and are Leu-11 —.59* Small LGL subsets 
may express various combinations of these markers. The 
majority of the LGL mediate cytotoxic functions such as 
antibody-dependent cell-mediated cytotoxicity (ADCC) and 
natural killer (NK) cell activity.” Other LGL are poorly 
cytolytic, but regulate B cell proliferation.? Besides these two 
functionally distinct LGL subsets, other cells are capable of 
regulating cell proliferation and differentiation and have 
cytotoxic functions as well. 1077 

Numerous studies have described patients with expanded 
LGL populations.??! The surface phenotype of the LGL 
varied in the different patients, but within each single case, 
cells displayed a high degree of phenotypic homogeneity. The 
availability of these homogeneous LGL populations provides 
the opportunity to investigate the relationship between sur- 
face markers and cell function. Assessment of the properties 
of expanded LGL populations may, in turn, contribute to 
understanding the origin of LGL in these patients as well as 
in normal individuals. 

In this study we have analyzed the surface phenotype, the 
cytotoxic ability, and the cytokines released by purified LGL 
from ten patients with abnormally expanded LGL popula- 
tions of homogeneous phenotype. 


MATERIALS AND METHODS 
Patients 


Patients studied had not received treatment with steroids or 
cytotoxic drugs for at least 5 weeks. Two patients (A.F. and J.G.) 
were asymptomatic Two patients (F.H and V.F ) had transfusion- 
dependent anemia only, and four (M.P., K.M., A.S., B.F.) had 
recurrent neutropenia and infections. Of these, one (K.M.) had 
immune neutropenia in remission at the time of the study, and one 
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interleukin 2 (rIL2) acquired potent cytotoxic activity in all 
cases tested. LGL did not proliferate in response to phyto- 
hemagglutinin (PHA). However, LGL released variable 
amounts of IL2 and y-interferon (*y-IFN) after PHA stimula- 
tion. In some cases, stimulation of fresh LGL with recombi- 
nant IL2 induced production of *y-IFN. No correlation was 
found between the functional capabilities and the original 
phenotype of the expanded LGL populations. 

©1986 by Grune & Stratton, Inc. 


had anemia and thrombocytopenia (M.P.). One (S.W.) had sero- 
positive rheumatoid arthritis, and another (P.B.) had anemia and 
posttransfusion purpura. All patients had peripheral blood and bone 
marrow lymphocytosis at some time in the clinical course and 
persistent or recurrent expansion of LGL with a homogencous 
surface phenotype defined by multiple-cell surface marker determi- 
nations For the clinical definition of LGL expansions see Newland 
et al” and Landay et al”! On physical examination three patients 
(K.M., P.B , and S.W.) had splenomegaly, but none had skin lesions, 
lymphadenopathy, or hepatomegaly. All patients remain alive and 
continue to have persistent elevations of LGL with a consistently 
stable phenotype. Laboratory features of the patients are summa- 
rized in Table 1. 


Cell Separation Procedures 


Heparinized venous blood samples were obtained from patients 
after informed consent. Mononuclear cells (MNC) were separated 
on Ficoll-Hypaque (F-H) density gradients and partially depleted of 
monocytes by plastic adherence. Cells forming rosettes with neur- 
aminidase-treated sheep erythrocytes were isolated by incubation of 
adherent cell-depleted MNC with indicator cells, followed by 
fractionation on two subsequent F-H density gradients as previously 
reported." Sheep erythrocytes were removed from cells forming E 
rosettes by hypotonic lysis. 

E+ cells highly enriched for LGL, as determined by morphologic 
and cytochemical criteria to be detailed, were treated with a 
monoclonal antibody with specificity for the helper-inducer T cell 
subset, (OKT4, Ortho Pharmaceutical Corp, Raritan, NJ), a mono- 
cyte-specific reagent (Leu-MI, Becton Dickinson, Sunnyvale, Calif), 
and complement. In two cases with T8- LGL expansion, the OKT8 
monoclonal antibody (Ortho) that reacts with cytotoxic-suppressor 
T cells was included in the cytotoxicity assay. Cells were suspended 
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at a concentration of 1.5 x 10’/mL in RPMI 1640 medium 
containing OKT4 (at a final dilution of 1:50), Leu M1 (at a final 
dilution of 1:20), and OKTS (at a final dilution of 1:50). After one 
hour incubation on ice, nontoxic rabbit complement (Pel-Freeze, 
Rogers, Ariz) was added at a final dilution of 1:2 in RPMI 1640. 
Cells were incubated at 37°C for one hour, washed twice, resus- 
pended in fresh complement, and incubated at room temperature for 
an additional 30 minutes. Nonviable cells were removed by centrifu- 
gation on F-H density gradients. To assess the efficiency of antibody 
and complement-mediated cytolysis, the proportion of nonviable 
cells was determined by trypan blue or ethidium bromide dye 
exclusion and compared with that of immunofluorescence staining 
using the same antibody. By immunofluorescence staining it was 
determined that complement-mediated lysis killed at least 80% of 
the cells. 


Cell Surface Marker Analysis 


B cells were identified by staining with the Bl monoclonal 
antibody (Coulter Immunology, Hialeah, Fla). Anti—T cell reagents 
(Leu-2, Leu-3, Leu-4, Leu-9) and the antisheep red cell receptor 
monoclonal antibody Leu-5 were obtained from Becton Dickinson. 
Anti-interleukin 2 (IL2) receptor monoclonal antibodies were 
kindly donated by Dr T Waldmann (anti-Tac)? and Dr A. Moretta 
(H-108). Anti-HLA-DR antibodies (HLA-DR or PTF 29/12) were 
obtained from Becton Dickinson and from Dr G. Damani,” respec- 
tively. OKMI, a monocyte/macrophage-specific monoclonal anti- 
body that also stains NK cells, was obtained from Ortho. A 
monocyte/macrophage-specific monoclonal antibody, Leu-Ml, was 
purchased from Becton Dickinson, as well as two LGL-specific 
monoclonal antibodies, Leu-7 and Leu-11b. 

All of the aforementioned reagents were used in indirect immuno- 
fluorescence tests with fluorescein isothiocyanate (FITC)-conju- 
gated goat antimouse immunoglobulin (Southern Biotechnology 
Associates, Birmingham, Ala) 


Flow Cytometry Analysis 


Cell preparations stained for immunofluorescence were fixed with 
1% paraformaldehyde and analyzed by flow cytometry using a 
FACS Analyzer (Beckton Dickinson). Ten thousand cells were run 
through appropriately set gates Control preparations consisted of 
unstained cells, cells stained with the labeled second reagent alone, 
and cells stained with unrelated antibodies of the same isotype as the 
test antibodies. In some experiments, wet cell preparations were also 
analyzed with a Leitz Orthoplan fluorescence microscope. The 
percentage of positive cells was determined by enumeration of at 
least 200 cells 
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Cytochemistry and Criteria for LGL Identification 


LGL were identified by Wright staining of cytocentrifuged cell 
preparations or by cytochemical localization of alpha naphthyl 
acetate esterase (ANAE), acid phosphatase (AP), or 6-glucuroni- 
dase (8-gluc) as previously reported.? 


Cell Culture 


One x 10$ purified LGL were cultured for 48 hours in 24-well 
plates (Costar, Cambridge, Mass), in RPMI 1640 supplemented 
with 10% fetal calf serum (RPMI-FCS), with or without 1 ul/mL 
phytohemagglutinin (PHA, Difco, Detroit). In some experiments, 
1 x 10°/mL LGL were cultured for 48 hours in RPMI-FCS 
supplemented with 20 IU/mL recombinant IL2 (rIL2) (Biogen, 
Lausanne, Switzerland), the biologic activity of which had been 
titrated as previously reported. Cultures were harvested, and 
supernatants were recovered and frozen at —70 °C until testing. To 
determine cell proliferation, purified LGL (5 x 105/mL) were 
suspended 1n RPMI-FCS and cultured in triplicate in 96-well 
microplates (Costar) (1 x 10° cells/well) for 48 hours with or 
without 1 uL/mL PHA. Cultures were subsequently pulsed with 1 
uCi/well *H-thymidine 12 hours before harvesting Radioactivity 
was determined by liquid scintillation counting and results expressed 
as cpm/min (mean + SE of triplicate cultures) 


Cytotoxicity Assays 


NK cell activity and rIL2-activated killing (AK) were assayed 1n 
triplicate in a four-hour ?'Cr release test as previously reported.” 
The target cell used for both assays was the erythroleukemia cell hne 
K562. Effector cells were (1) freshly purified LGL for the NK 
assays and (2) LGL cultured for three days with 20 IU/mL rIL2, for 
the AK assay The SD of percent specific *'Cr release was less than 
20% in all experiments 


Lymphokane Assays 


Colony-stimulating factor (CSF). Normal peripheral blood 
MNC depleted of adherent cells and of cells forming E rosettes were 
used as targets. Two x 10 cells were resuspended in a final volume 
of 1 mL of a mixture containing o-medium (GIBCO, Grand Island, 
NY), 10% heat-inactivated FCS, 0.8% methylcellulose (Dow Chem- 
ical Co, Midland, Mich), and supplemented with the nonessential 
amino acids L-glutamine and sodium pyruvate ? Supernatants to be 
tested were included in the culture medium at the final concentration 
of 10% Control plates contained 10% conditioned medium of the 
GCT line (GIBCO) as a source of CSF. Cultures were incubated at 
37°C in an atmosphere containing 5% CO, in air and scored for 


Table 1. Hematologic Features of Patients with Expanded LGL Populations* 








Percentage 
Patient WBC/uL of Lymphocytes 
AF. 22,900 93 
M.P. 2,400 48 
FH. 27,500 89 
V.F. 8,000 65 
J.G. 10,300 66 
K.M 4,100 55 
PB 10,800 69 
SW. 6,600 63 
A.S. 1,500 80 
B.F 10,500 90 





Features are determined in peripheral blood at the time of LGL purification. 


Absolute Absolute 
Percentage ' Lymphocyte Granulocyte 
of Granulocytes Counts/uL Counts/uL 

6 21,297 1,374 

46 1,152 1,104 

8 24,475 2,200 

21 5,200 1,680 

24 6,798 2,472 

29 2,255 1,189 

29 7,452 3,132 

25 4,158 1,650 

15 1,200 225 

8 9,450 840 
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Table 2. Phenotypic Characteristics of Peripheral Blood MNC From Patients With Expanded LGL Populations 



































Surface Markers* 
Percentage 
Patient Leu-9 Leu-5 Leu-4 Leu-3 Leu-2 OKM1 Leu-7 Leu-11 Tac HLA-DR B1 Leu-M1 of LGL} 
AF 71 (91) 95 (98) 98 (97) 6 (<1) 2(«1) 95 (96) 89 (92) 95 (96) «1 («1) 10( 3) 2(«1) 2(<1) 95 (97) 
MP 68 (78) 87 (98) 82 (97) 31(«1) 53 (96) 31 (45) 42 (54) 20 (31) <1(<1) 42 (35) 4(<1) 5 (<1) 45 (95) 
FH 90 (96) 98 (99) 96 (98) 2 (<1) 97 (96) 34 (45) 96 (97) 95 (97) «1 («1) 6( 1) 1(«1) 1(<1) 98 (98) 
VF 92 (98) 95 (99) 93 (98) 16 («1) 78 (85) 55 (60) 62 (70) 76 (84) «1 («1) 68 (65) 1 (<1) 2(«1) 65 (98) 
JG 84 (88) 97 (99) 5 (<1) 5 (<1) 6 {<1} 82 (86) 19 (25) 87 (90) <1 (<1) 81 (85) <1{<1) 2 (<1) 98 (99) 
KM 86 (91) 89 (97) 12 («1) 15 (<1) 3 (<1) 75 (90) 25 (39) 59 (76) «1 («1) 2 («1) «1 («1) 1(<1) 60 (96) 
PB 57 (66) 80 (97) 57 (95) 17 (<1) 36 (53) 48 (63) 47 (65) 29 (35) <1(<1)} 20 («1) 20 («1) 4 («1) 45 (97) 
Sw 66 (75) 87 (99) 88 (96) 6 (<1) 83 (91) 88 (95) 3( 5) 85 (92) <1 (<1) 67 (76) <1 (<1) 3 (<1) 70 (96) 
AS 85 (92) 80 (97) 75 (95) 8(«1) 68177) 7( 5) 65 (79) 50 (65) <1(<1) 8 (<1) 2(<1) 3 (<1) 60 (95) 
BF 90 (96) 92 (98) 90 (97) 5(«1) 82 (91) 2(«1) 75 (83) 65 (76) «1(«1) 5 (<1) 1(<1) 4(«1) 70 (98) 





*As determined by immunofluorescence microscopy or fluorescence-activated cell sorter analysis Data are the percentage of positive cells Data in parentheses refer to the percentage of positive cells 


determined for purified LGL preparations 
TAs determined by Wright's staining and cytochemical staining for AP and B-gluc 


colonies after 14 days. Colonies were defined as aggregates contain- 
ing more than 50 cells. 

IL2assay  IL2 activity was measured by determining the ability 
of the IL2-dependent murine cell line CTLL-2 to proliferate.” 
CTLL-2 cells were washed twice, resuspended 1n RPMI-FCS, and 
cultured for 24 hours in 96-well, flat-bottom plates at the concentra- 
tion of 1 x 10*/well in the presence or absence of various dilutions of 
the supernatants to be tested. Cells were pulsed with 1 uCPH- 
thymidine six hours before harvesting, and radioactivity was deter- 
mined by liquid scintillation counting. IL2 units were calculated by 
probit analysis/é using r-IL2 (Biogen) as a reference. 

y-Interferon (y-IFN) assay — y-IFN was measured by a radioim- 
munoassay (IMRX, Centocor Inc, Malvern, Pa) based upon the use 
of (1) polystyrene beads coated with a mouse monoclonal antibody 
specific for human y-IFN that are incubated with test supernatants 
and subsequently washed and (2) a second monoclonal antibody to 
human y-IFN labeled with I that reacts with y-IFN bound to the 
beads. The radioactivity bound to the beads, quantified in a gamma- 
scintillation counter, is proportional to the concentration of y-IFN in 
the specimen, within the working range of the assay. Results were 
expressed 1n units calculated using a preparation of recombinant 
*y-IFN as standard reference. 


RESULTS 


Characterization of Abnormally Expanded 
LGL Populations 


The surface phenotype of peripheral blood MNC from ten 
patients with expanded LGL populations is shown in Table 2. 
In all cases, LGL were Leu-5+ and Leu-9+ and most 
expressed the Leu-4, Leu-2, Leu-7, OKMI, and Leu-11 
antigens. HLA-DR molecules were expressed on LGL from 
four out of ten patients. LGL from all cases were negative for 
Leu-3 and Leu-M] antigens. In agreement with previous 
observations on expanded LGL populations," LGL stained 
for AP and 6-gluc with a paranuclear localization of the 
enzyme activity, but were weakly reactive or negative for 
ANAE. Percentages of LGL were quantified in peripheral 
blood MNC fractions by morphologic criteria and by cyto- 
chemical staining for AP and 6-gluc (Table 2.) 


Lymphokine Production by Purified LGL 


Because all of the expanded LGL populations expressed 
receptors for sheep erythrocytes, LGL enrichment was 
achieved by E rosetting. T cells with a helper phenotype and 


monocytes were removed from the cell preparations by 
treatment with OKT4 and Leu-M1 monoclonal antibodies 
and complement. In the two cases in which LGL did not 
express the T8 antigen, cells forming E rosettes were also 
treated with OKT8 monoclonal antibody and complement. 
As apparent, purified LGL had surface phenotype and 
cytochemical staining patterns that were highly homoge- 
neous in all of the cases (Table 2). 

Purified LGL were cultured in vitro in the presence and 
absence of PHA, and cell proliferation was measured by 
*H-thymidine uptake at 48 hours. Spontaneous proliferation 
was never detected. With one exception (patient S.W.), no 
*H-thymidine incorporation above background values was 
observed in PHA-stimulated cultures. Addition of allogeneic 
monocytes did not increase responsiveness to PHA (data not 
shown). 

Supernatants of unstimulated and of PHA-stimulated 
LGL cultured for two days were tested for their IL2 and 
y-IFN content (Table 3). Most of the LGL preparations 
produced >2 U/mL of IL2 with PHA stimulation only. In 
unstimulated culture supernatants from three patients 


Table 3. ‘y-IFN and IL 2 Production by Stimulated LGL 
From Patients With Abnormal LGL Expansions 











riL 2 
Unstimulated* t PHA Stimulation® t Stmulatont} 

Patient y-IFN IL2 Y-IFN IL 2 y-IFN 
A.F. 0 2.0 0 2.5 ND 
M.P. 0 2.0 6.6 7.5 ND 
F.H. 0 2.1 0 3.7 o 
V.F. 0 3.2 2.7 14.0 [^] 
JG 75 2.2 86 10.4 84 
K.M. 0 1.2 70 9.7 ND 
P B. (0) 49 55 8.3 72 
S.W. 0 6.8 84 230 5.3 
A.S. 0 1.3 15 1.3 ND 
B.F. 0 2.2 28 115 ND 





Abbreviation: ND, not determined 

*Purified LGL were cultured for 48 hours in the presence or absence of 
PHA. Supernatants were removed and tested 

+See the Materials and Methods section for *y-IFN and IL 2 assays. 

tPurified LGL were cultured for 48 hours with 20 [U/mL riL 2. 
Supernatants were removed and tested. 

All values are units per milliliter 
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(W.F., P.B., and S.W.), >2 U/mL of IL2 were also detected. 
In seven of ten cases, LGL released y-IFN following PHA 
stimulation (Table 3). Spontaneous y-IFN production was 
observed in one case only (J.G.).% A good correlation 
between IL2 and y-IFN production was detected in individ- 
ual cases, ie, those LGL preparations that released the 
highest amounts of IL2 were also the most efficient y-IFN 
producers. Conversely, poor IL2 producers did not release 
y-IFN (Table 3). 

LGL from five patients were cultured for 48 hours with 
rIL2, and the supernatants were tested for y-IFN (Table 3). 
In two cases, IL2 stimulation induced production of high 
amounts of y-IFN. In four out of five cases, a good correla- 
tion was observed between the amount of y-IFN released 
with PHA stimulation and that produced in response to IL2 
stimulation (Table 3). 

Supernatants from PHA- and rIL2-stimulated LGL were 
also tested for the presence of CSF, but no CSF production 
was detected in any of the LGL supernatants. In contrast, 
control cultures with GCT-conditioned medium yielded 25 to 
35 colonies/2 x 10? cells. 


Natural and rIL2—Activated Cytotoxicity of Purified LGL 


The NK activity of purified LGL was assayed against 
K562 cells in a four-hour *'Cr release assay. Freshly purified 
LGL from nine patients did not exert NK activity (Table 4), 
but the cells from patient J.G. displayed a potent cytotoxic 
ability. 

LGL suspensions from eight patients were also cultured 
for three days with rIL2 and subsequently tested for their 
cytolytic activity against K562 cells. Incubation with rIL2 
induced a potent AK activity in all of the cell preparations 
(Table 4). In the five cases tested, no correlation was found 
between y-IFN production and the ability to lyse K562 cells 
following culture with rIL2 (Tables 3 and 4). 


DISCUSSION 


The expanded LGL populations described in this study 
had surface phenotypes that were different among cases, 


Table 4. Natural and rlL 2-Activated Killing of Purified LGL 
From Patients With LGL Expansions 











Patients NK Activity* AK Activityt 
A.F. 2 44 
M.P. 3 25 
F.H. 5 29 
V.F. 3 21 
JG. 65 59 
K.M 2 83 
P.B. 2 68 
S.W 1 34 
A.S 3 ND 
BF 2 ND 





*Percent specific 'Cr release by K562 cells. Data shown were 
obtained at a 10:1 effector-target ratio. 

tPurified LGL were cultured with rlL 2 (20 IU/mL) for three days. Data 
shown are percent specific "'Cr release by K562 cells at 10:1 effector- 
target ratio. 
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although they were homogeneous in the single patients. 
However, cells from most patients released the same cyto- 
kines (ie, IL2 and y-IFN) and were inducible by rIL2 to 
mediate cytotoxicity regardless of the surface phenotype. 
These results are relevant in view of the finding that LGL 
from two of the cases showed chromosomal abnormalities.” 
This observation, and the homogeneity of the surface mem- 
brane and cytochemical phenotype of LGL in each individ- 
ual case, suggests that there is a clonal origin of some 
expanded LGL populations. This hypothesis is also sup- 
ported by studies on the rearrangement of genes encoding for 
the -chain of the T cell receptor in several LGL expansions 
with a T3+, T8+ phenotype.??5 The possibility that con- 
taminant cells were responsible for lymphokine production 
was excluded by the method of purification used and by the 
appropriate control of the surface phenotypes following the 
purification procedure. Therefore. LGL with different sur- 
face phenotypes appear to share a number of common 
functional properties. 

Our study of homogeneous LGL preparations also pro- 
vided information on the mechanisms that may regulate 
lymphokine release. LGL released both IL2 and y-IFN 
following PHA stimulation, whereas in some cases, stimula- 
tion with rIL2 induced y-IFN production. This suggests that 
LGL activation may be a stepwise process such that PHA or 
other stimulants may induce IL2 production, which, in turn, 
triggers y-IFN release. Occurrence of this sequence of events 
in highly homogeneous, likely clonal, LGL populations sug- 
gests the existence of mechanisms whereby product(s) of the 
clone may control function of cells within the same clone. 
These findings are in accordance with previous data on LGL 
populations isolated from normal peripheral blood showing 
that IL2 triggers y-IFN release.*® 

Purified LGL that were generally devoid of NK activity 
for K562 cells became cytotoxic against this target after a 
three-day incubation with rIL2. All LGL suspensions 
acquired a potent AK activity, whereas some of them only 
released y-IFN in response to IL2, a finding that strongly 
supports the contention that IL2 was per se responsible for 
the induction of lytic activity. Alternatively, stimulation with 
rIL2 might promote release of other, nonidentified factors 
capable of inducing AK activity. 

The mode of activation of LGL observed in the present 
study deserves further comments. First, highly purified, 
homogeneous LGL could be stimulated by PHA to release 
lymphokines, even in the apparent absence of macrophages 
and IL1. This finding may indicate that LGL are already 
activated in vivo and have therefore received the necessary 
signals delivered by macrophages. Alternatively, cytokine 
production by LGL may be IL1/macrophage-independent 
and, most likely, unrelated to cell division since PHA did not 
induce LGL proliferation in short-term culture. It is possible 
that LGL themselves produced IL1," which, however, could 
not be measured in our experimental system because of the 
concomitant release of IL2. Second, abnormally expanded 
LGL populations were particularly sensitive to signals deliv- 
ered by rIL2, which induced y-IFN release and natural 
cytotoxicity. These findings suggest that LGL were preacti- 
vated in vivo. Alternatively, it is possible that expression of 
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IL2 receptors is a constitutive property of LGL, independent 
of their state of activation and/or surface phenotype. 

HLA-DR expression was detected on freshly isolated LGL 
from four out of the ten patients studied. Class IZ major 
histocompatibility complex antigen expression was not 
related to (1) lymphokine production (IL2 and y-IFN), (2) 
cytotoxic potential from the LGL, or (3) the clinical course. 

LGL from all of the patients were consistently negative for 
the Tac antigen as assessed by immunofluorescence using 
two different anti-Tac monoclonal antibodies. One possible 
explanation is that LGL express surface IL2 receptors at a 
very low concentration. Subsequent contact with IL2 could 
then induce IL2 receptor expression. This phenomenon has 
been shown for normal B cells?" and NK cells,?? but does not 
seem to occur in the case of expanded LGL populations 
because the latter cells fail to stain with the anti-Tac reagent 
following prolonged IL2 stimulation.” 

An alternative possibility is that at the time of surface 
staining with monoclonal antibodies, membrane IL2 recep- 
tors were saturated with their ligand, thus preventing identi- 
fication with anti-Tac reagents. Since expanded LGL popu- 
lations released IL2, the LGL themselves could provide IL2 
for receptor blockade. Although this possibility cannot be 
dismissed, it is made unlikely by the observation that LGL 
required the addition of exogenous IL2 for their proliferation 
in vitro. A final, and highly intriguing, hypothesis is that 
LGL may bind IL2 through a molecular structure different 
from the Tac antigen. Another contrasting feature of 
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expanded LGL, compared with normal LGL,” is the inabil- 
ity of the former cells to release detectable amounts of CSF 
following mitogen stimulation. 

The presence of shared functional properties in LGL with 
different surface phenotypes is relevant to the vexing prob- 
lem of LGL lineage. All of the populations examined in this 
study expressed the Leu-9 antigen which is normally found in 
prethymic T cell precursors? and is retained throughout T 
cell maturation. This finding may lead to speculation that a 
subset of Leu-9-- precursors may acquire LGL features and 
mature in the bone marrow (T3— LGL), whereas other 
Leu-9+ cells migrate into the thymus and subsequently 
express the T3 molecule (T3+ LGL). In this perspective, the 
majority of expanded LGL populations may be viewed as 
cells frozen (by the neoplastic event) at different matura- 
tional stages in different patients. Another possibility is that 
T3— LGL represent a prethymic stage of LGL ontogeny and 
that T3+ LGL are postthymic cells. This hypothesis may 
find support in the observation of rearranged D-J gene 
segments of the T cell receptor in T3— cell clones with NK 
function and of complete rearrangements of genes encoding 
for the B chain of the T cell receptor in T3-- NK clones.” 
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Divergent Molecular Phenotypes of KG1 and KG1a Myeloid Cell Lines 


By A.J. Furley, B.R. Reeves, S Mizutani, L.J. Altass, S.M. Watt, M.C. Jacob, P. van den Elsen, 
C. Terhorst, and M.F. Greaves 


The cell line KG1 derived from a patient with erythroleu- 
kemia in myeloblastic relapse has the composite pheno- 
type and functional repertoire of myeloblasts. In marked 
contrast, its subline KG1a has lost myeloid features, 
acquired new karyotypic markers, and has three character- 
istics associated with immature T cells: low-level expres- 
sion of the T cell receptor 8 mRNA (but not a) transcribed 
from a germline gene; high-level expression of T3 ô mRNA 


N 1978 Koefller and Golde! reported the establishment of 
a cell line, KG1, derived from a 59-year-old male patient 
in whom acute myeloblastic leukemia had developed follow- 
ing an earlier phase of erythroleukemia. This cell line had a 
myeloblastic phenotype and, in early passages, was colony- 
stimulating factor (CSF)-dependent for colony formation in 
soft agar and developed macrophage characteristics in 
response to phorbol derivatives.! Koeffler et al later reported? 
that a distinctive subline, KGla, had developed after 35 
passages in one of the two laboratories maintaining the KG1 
cell line. The KGla derivative had the same karyotypic 
abnormalities as KG1 but appeared undifferentiated and 
failed to express the myeloid characteristics of its parent line 
including cytochemical features, responses to CSF, expres- 
sion of the Fey receptor and myeloid membrane antigen, and 
phagocytosis of opsonized Candida albicans. Koeffler sug- 
gested that KGla was a cell line of very immature myelo- 
blasts.’ 

We have now analyzed KG1 and KGla, maintained in one 
of our laboratories (Leukaemia Research Fund Centre) for a 
period of 2 years, with a battery of monoclonal antibodies 
and with molecular probes for rearrangement and/or expres- 
sion of immunoglobulin genes, T cell receptor (TCR) a and 8 
genes,? and the T36 gene. We report here that KGla has 
undergone additional karyotypic evolution and surprisingly 
has a composite phenotype suggesting a possible affiliation 
with the T cell lineage 


MATERIALS AND METHODS 


Cells | KGl and KGla cell lines!? were kindly provided by Dr D. 
Golde, UCLA, California. They were maintained in 2095 fetal calf 
serum in RPMI 1640 medium in a 5% CO,-gassed incubator at 
concentrations between 2 x 10° and 10$ cell/mL. 

Functional studies Colony formation and responsiveness to 
CSF were assessed by plating between 10? and 10$ cells/mL ın 
Iscove’s modified Dulbecco’s medium containing 0.9% (wt/vol) 
methylcellulose, 5 x 1075 mol/L 2-mercaptoethanol, 20% (vol/vol) 
fetal calf serum, 1% (wt/vol) delipidated and deionized bovine 
serum albumin, and 0.3 mg human transferrin/mL saturated with 
FeCl,. Conditioned media from the 5637 bladder carcinoma line, 
from phytohemagglutinin (PHA)-stimulated lymphocytes, and from 
human placenta were used as sources of CSF.’ Inducers of differen- 
tiation used were 12-0-tetradecanoylphorbol-13-acetate (TPA), 
purified thymosin fraction V (a kind gift from Dr A.L. Goldstein, 
Department of Biochemistry, The George Washington University 
Medical Center, Washington, DC) and purified interleukin 1 (IL 1) 
protein (Lab Impex UK, London). 
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and intracellular, but not cell surface, T3 protein; and 
expression of the CD7/gp40 T cell-associated membrane 
antigen. Both KG1 and KG1a transcribe unrearranged IgH 
genes. These data suggest that either the KG1 cell line was 
derived from a common myeloid-lymphoid progenitor or 
that the KG1a subline phenotype is aberrant. 

o 1986 by Grune & Stratton, Inc. 


Karyotype. The chromosomal characteristics of KG1 and KGla 
were determined by standard Giemsa banding using a modification 
of the method of Gallimore and Richardson. 

Immunophenotype The cell surface immunophenotype of KG1 
and KGla was characterized with a series of murine monoclonal 
antibodies (see Table 2). These were either directly labeled with 
fluorochromes (Leu-series from Becton Dickinson) or were unla- 
beled and detected by fluorescein-labeled goat antimouse Ig Bind- 
ing of antibodies was assessed by flow cytometry (Becton Dickinson, 
FACS 440) 

Nuclear terminal deoxynucleotidyl transferase (TdT) was 
assayed by indirect 1mmunofluorescence using an affinity-purified 
rabbit anti-TdT kindly provided Dr F Bollum (Uniformed Services 
University of the Health Sciences, Md) Cytoplasmic staining with 
monoclonal antibodies was carried out on methanol-fixed cytospin 
preparation as for TdT.’ 

Isolation and analysis of RNA Total cellular RNA was iso- 
lated from cells using the guanidinium isothiocyanate procedure of 
Chirgwin et al.!© RNA was prepared for electrophoresis in 1 1% 
agarose gels by denaturation in glyoxal and dimethyl sulfoxide 
(DMSO) at 50 °C." Transfer to nitrocellulose, hybridization, wash- 
ing, and autoradiography after electrophoresis were essentially as 
described for DNA analysis (see the following material). 

Description of probes Analysis of TCR 68 chain gene was 
carried out using a constant region (BgiII-StuI fragment) cDNA 
probe isolated from the leukemic cell line Jurkat. This probe and a 
TCR o chain cDNA probe‘ were kind gifts from Dr T.W Mak 
(Ontario Cancer Institute). 

Immunoglobulin gene analysis was also carried out using two 
probes a Jy region probe (BamHI-HindlII), which was a gift from 
Dr P. Leder," and a constant region (Cu) cDNA probe isolated from 
the B cell line RPMI 1788 (Molgaard and Ford, unpublished 
work). 
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Expression of the T3 à chain gene was detected using a cDNA 
probe that has been previously described. A murine genomic probe 
for actin? that cross-hybridizes efficiently with human DNA/RNA 
was used as a positive control in all Northern blotting experiments. 

Isolation and analysis of DNA. Total genomic DNA, was 
extracted from the cells by lysis in 0.5% sodium dodecyl sulfate 
(SDS) and treatment with proteinase K and RNAse, followed by 
phenol extraction and ethanol precipitation essentially as described 
by Ford et al."* 

Purified DNA was digested with restriction endonucleases ac- 
cording to the recommendation of the suppliers and then fraction- 
ated by electrophoresis through 0.5% to 0.9% agarose gels and 
transferred to nitrocellulose. DNA probes were nick-translated and 
hybridized to nitrocellulose-bound DNA. After hybridization, blots 
were washed twice for 30 minutes each in 0.1x SSC (15 mmol/L 
sodium chloride, 1.5 mmol/L sodium citrate) and 0.195 SDS 
(sodium dodecyl sulfate) at 68 °C. Hybridization was visualized by 
conventional ?P autoradiography as described by Ford et a1.!* 


RESULTS 


Karyotypic evolution of KGla. The banded karyotype 
characteristics of KG1 and KGla are summarized in Table 
I. These data indicate that our KG1 cell line is a derivative of 
that originally described by Koeffler and Golde! but has 
acquired additional karyotypic abnormalities. KG1a initially 
had an identical karyotype to the parental line KG1.? How- 
ever, it is clear that the KGla line carried in our laboratory, 
though certainly a clonal derivative of KG1, has acquired 
several additional chromosome alterations including the new 
markers t(19;?) (q13;?) and i(11q) (qter—cen—-»qter). 
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Cell surface immunophenotyping of KGI and KGla. 
Table 2 summarizes the immunophenotypic investigations on 
KG1 and KGla using a series of monoclonal antibodies 
detecting cell surface antigens associated with, though not 
necessarily exclusive to, particular hematopoietic lineages. 

KG1 has a composite phenotype consistent with these cells 
being arrested at the myeloblastic stage of myeloid differen- 
tiation? as initially reported by Koeffler et al.» The cell 
surface immunophenotype of KGla differs from that of KG1 
with respect to four antigenic sites (Table 2, Fig 1). In 
addition to lacking HLA-DR/DP as originally reported? 
KGla does not express the pan-myeloid antigen MY9'5 
but does express the early T cell-associated antigen 
CD7(gp40).'* KGla cells consistently react better with the 
CD7 monoclonal antibody Leu-9'? than with the CD7 anti- 
body WT1. These antibodies probably detect different 
epitopes on the same gp40 structure.” The latter antigen is 
sometimes expressed in acute myelogenous leukemia 
(AML)'*” but is not detectably present in KG1. Other T 
and B lineage-restricted antigens (and TdT) are not present 
on the cell surface of KG1 or KGla cells (Table 2). In 
contrast to KG1, KGla does not express the antigen detected 
by OKT10.? This antibody detects a glycoprotein of 45kd 
encoded on chromosome 4? that is present on all myeloid 
colony-forming cells,” thymocytes, acute lymphocytic leu- 
kemia (ALL), and AML.” KGla has a very weak expression 
of the X hapten (3-fucosyl-n-acetyl-lactosamine) epitopes 
detected by Leu-M1 and My1?*?5 but, in common with KG1, 
expresses the myeloid antigen MY7." The latter is described 


Table 1. Karyotypic Features of KG1 and KG1a Cell Lines 
E —————————————————————————————————————————É LLL 








KG1 
(No. Copies) 





Normal Abnormal 





KG1a 
(No. Copies) 
Chromosome Normal Abnormal 
1 2 +1 mar 1! 
2 2 
3 2 
4 1 +1 mar 3 (+1 mar 7) 
5 1 
6 2 
7 1 T1mar4* 
8 1 +1 mar 5 
9 2 
10 2 
11 2 +1 mar 6 
12 1 
13 2 
14 2 
15 2 
16 2 
17 1 
18 2 +1 mar7 
19 2 +1 mar 8 
20 2 
21 2 
22 1or2 
X 1 
Y Oor 1 


+1 mar 1? 
+1 mar 2 


+1 mar 3 (+1 mar 7) 


+1 mar 4 
+1mar5 


+1 mar7 


PNNHNNNYMANHNNYPNANNN HW BAH AB a NNN 


Oor 1 














Abbreviations. mar 1', (1p34—+q11 :? :1q21—<ater); mar 12, (1p34—411: ? :1921— 432); mar 2, del(2)(pter—q33 ); mar 3, t(4;?)(q33;?); mar 7, 
t(17,4)(17qter—p13.:4q2 1— qter); mar 4, del(7)(pter—q22:), mar 5, t(8;?)(p22,?); mar 6, i(1 1)(qter—cen—-ater); mar 8, t(19;?)(q13,?). 


*Ten percent of the metaphases had two copies of a normal chromosome. 
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Table 2. Cell Surface immunophenotypes of KG1 and KG1a 





Antibodies* KG1 KGia 





Myeloid 
Leu M1, My1, (CD, 15) + + (w) 
MY7, MCS-2, (CD, 13) + 
MY9 * = 
LICR LON R10 
(Antiglycophorin) = 2 
J15 plus AN51 
(antiplatelet glycoproteins)/ 
(Iib/lla and 1) d = 
T lineage 
Leu-1 (CD5) B = 
Leu-2° (CD8) -— = 
Leu-3 (CD4) Š T 
Leu-4/UCHT1 (CD3) ~ a 
Leu-5/OKTII (CD2) = a 
Leu-6/NA134 (CD1) - - 
Leu-8 = -: 
Leu-9/WT1 (CD7) -— * 
OKT 17 (pan-T) = Ea 
B lineage 
Leu-12/B4/HD-37 (CD19) — -— 
BB1 x I 
BB2 — =- 
Pan-lymphoid 
Campath 1 _ -— 
TdT4 =- - 
IL 2 receptor, anti-Tac te 
Pan hematopoietic precursor 
OKT 10 
RFB-1 Qs ES 
3C5, My10 
NK cell markers 
Leu-7 = = 
Leu-11A - = 
Others 
HLA-DR/DP: DA2,CA1 + -— 
HLA-AB: W6/32 * * 
2D 1/T200 {leu common) + + 
Thy 1 -— -— 
Transferrin receptor: OKT9 
antitransferrin receptor (BD) + + 
Anti-CALLA (BD); AL-2 -— -— 


+ 








Key: +, >50% cells staining; —, <5% cells staining; W, very weakly 
staining; CD, cluster of differentiation nomenclature 5; IL 2, interleukin 2; 
NK, natural killer; CALLA, common acute lymphoblastic leukemia. 

*See refs 15 to 17 for review and details. 

+Nuclear staining in positive controls (acute lymphoblastic leukemia 
cell lines). 

w-—very weak staining. 


as a myelomonocytic cell-associated protein, the expression 
of which is probably regulated in concert with cell prolifera- 
tion. MY? is considerably more restricted to the myeloid 
lineage than is Myl/Leu-M1 and is the only marker on 
KGla cells that might indicate that these could be myeloid. 

Molecular phenotypes of KGI and KGla. Table 3 and 
Fig 2 summarize the data obtained from Southern and 
Northern blot analyses of DNA and RNA derived from KG! 
and KGla with probes specific for immunoglobulin or TCR 
complex genes. An actin probe was used as a positive RNA 
control for all cell lines and the myeloblastic cell line ML1 
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Fig 1. Flow cytometry of cell surface antigens on KG? and 
KG1a cells. Viable cells were stained in suspension with mono- 
clonal antibodies that were either directly labeled with fluoro- 
chrome or unlabeled and followed by fluorochrome-labeled anti- 
mouse lg. Vertical axis, relative cell number; horizontal axis, 
relative fluorescence intensity. The percent positive cells above 
the background value (with lg class-specific controls) are given for 
each antibody. 


and the T-ALL cell line Molt-13 (kindly provided by Dr J. 
Minowada) included for comparison. Both KGI and KGla 
have germline configurations of IgH and TCR@ genes (data 
not shown). However, both KG1 and KGla have low-level 
transcription of IgH. 

Paradoxically the myeloid cell line ML] used as a control 
has a rearranged y allele," but no transcripts were detect- 
able. KG la cells have TCR gene mRNA, though present at 
low levels (arrows in Fig 2) compared with most T leukemia 
cell lines (cross-reference Molt 13, a T-ALL cell line, Fig 2). 
A trace of TCRG mRNA was also detectable in KGI. No T 
cell receptor a-chain gene mRNA was detectable in KGl or 
in KGla when compared with a T leukemia cell line control 
(data not shown). 

KGla had abundant T36 mRNA of the same size (0.8 to 
0.9 kb) as in normal T cells and T leukemic cells.” KG1 cells 
had no detectable T36 mRNA (Fig 2). Since assembly of a 
functional TCR-T3 complex requires TCRa, 8, and T3 gene 
products to be coordinately expressed, the lack of cell 
suface T3 (CD3) probably reflects the absence of TCRa 
transcripts and protein. It was therefore likely that T36 chain 
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protein was being synthesized but not incorporated into the 
cell surface. This was confirmed by intracellular staining of 
KGla cells with monoclonal antibodies to T36 (Fig 3). More 
than 95% of KGl1a cells contained cytoplasmic T36. Staining 
intensity varied considerably between individual cells, and in 
the brighter cells, it appeared that the T36 protein had a 
perinuclear localization (arrows in Fig 3A) that we presume 


Table 3. Molecular Phenotypes of KG1 and KG1a 











KG1 KGla 

Probes DNA mRNA DNA mRNA 
1. Immunoglobulin G-L + weak G-L + weak 

Ju (1.9-2.4 kb) (1.9-2.4 kb) 
2. TCR complex 

B gene G-L -* G-L + weak 

1.0-1.3 kb 
a gene NA ~ NA - 
T36 gene NA -— NA +(0.8-0.9 kb) 





Abbreviations: G-L, germline; NA, not assessed; — , not detected. 
*A trace band at around 1 to 1.3 kb was just visible in some 
experiments. 


Fig 2. Expression of TCR-T3 and lg genes in KG1 and 
KG1a celis by RNA-transfer analysis of RNAs extracted 
from hematopoietic cell lines and fresh leukemic cells. Ten 
micrograms of total cellular RNA from each sample were 
electrophoresed and transferred to a nitrocellulose filter 
(see Materials and Methods). The nitrocellulose-bound 
RNA was then hybridized to a series of radiolabeled DNA 
probes: actin, a control for the relative amount of RNA 
present; CÓ, the constant region of the TCR gene; T33, 
the à chain gene of the T3 complex; and Cu, the constant 
region of the igu gene. After each hybridization and autora- 
diographic visualization the probe was removed from the 
filter with 100 °C H,O. Abbreviations: M, molecular weight 
markers with sizes given in kilobases (kb); T, a mature T 
cell leukemia; ML1, a myeloid cell line with a rearranged IgH 
allele"; KG1, KG1a, see the text; M13, Molt 13, a pre-T 
acute leukemic line (J. Minowada, personal communica- 
tion). Note that the mature T cell leukemia had a low 
proliferative status and was only weakly positive for cell 
surface CD3; mRNA signals for actin and TCR@ and T3ó are 
correspondingly weak but are included to provide relevant 
molecular weight markers of TCR and T3ô transcripts 
(arrows). The weak TCRG signal with KG1a DNA cannot be 
ascribed to spill-over from the adjacent track containing T 
cell line (M13) DNA because the same result was obtained 
in four other independent experiments in which no T cell 
control was run in juxtaposition to the KG1a DNA digest. 
The identity of the high-molecular weight bands seen with 
the TCRÉ probe in M13 T cell line DNA and with T35 (KG1a 
and M13 DNA) is unknown. One possibility is that they 
represent unspliced messenger RNA species. 


reflects accumulation in the perinuclear envelope-endoplas- 
mic reticulum. KG1 cells were not specifically stained with 
anti-T3ó antibodies (Fig 3D). Occasional dead cells stained 
nonspecifically, and the level of background staining, though 
higher than that seen with KGla, was no different from that 
in controls with normal IgG or anticytokeratin. KGl cells 
therefore do not appear to synthesize T3 proteins in accord 
with the lack of detectable T35 mRNA. 

Functional activity of KGI and KGla. Using relatively 
early-passage KG 1 cells we were able to confirm the original 
reported difference between KG1 and KGla with respect to 
CSF-dependent colony formation. No colonies were formed 
by KGla with or without added conditioned medium, 
whereas KG1 did form colonies with conditioned medium, 
albeit at a lower level than that originally reported: 40 to 
90/10* cells plated compared with 300 to 350/10*? KGI 
cells differentiated into adherent macrophages in the pres- 
ence of 1.7 x 1077 mol/L TPA whereas KGla was unrespon- 
sive, as reported previously.? 

In view of the expression by KG la cells of some character- 
istics associated with immature T cells, we attempted to 
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Fig 3. Intracytoplasmic T3ó chains 
in KG1a but not in KG1 cells. (A) KG1a 
stained with anti-T3ó monoclonal anti- 
bodies (see the following material). (B) 
KG1a, phase contrast (same field as A). 
(C) KG1a, control staining with anticyto- 
keratin antibody (Le 61). (D) KG1 
stained with anti-T3ó monoclonal anti- 
bodies. Cells were smeared using cyto- 
spin apparatus (Shandon, Cheshire, UK) 
and fixed in methanol. Slides were then 
incubated at room temperature with the 
following sequence: either a cocktail of 
three different anti-T3ó monoclonal 
antibodies, SP-64, SP-78, SP-34"?' or a 
monoclonal antibody to cytokeratin Le 
61 (as control) followed by goat anti- 
mouse Ig and sheep antigoat Ig. The 
latter two antibodies were labeled with 
fluorescein isothiocyanate. 


induce the expression of additional T cell lineage markers. 
KGla cells were incubated with purified thymosin fraction V 
peptide (up to 100 ug/mL) or purified interleukin 1 (up to 
ten units) either singly or in combination. Over a period of 


four days these additives failed to induce the expression of 


cell surface TI(CD5), T3(CD3), or TI I(CD2) 


DISCUSSION 


The KGI cell line, established from a patient with erythro- 
leukemia in myeloblastic relapse, has the cytochemical, 
functional, and immunologic characteristics of myelo- 
blasts.'? 

KGla, a subline of KG1, was originally reported to have 
lost these features and to have an undifferentiated or imma- 
ture myeloid phenotype.^? Our data confirm these earlier 
observations but somewhat surprisingly show that KGla 
cells express three markers normally associated with imma- 
ture T cells and their leukemic counterparts in T-ALL. 
These are expression of the TCR gene and T3ó gene 
mRNAs, the presence of cytoplasmic but not cell surface 
CD3 protein, and the presence of the cell surface antigen 
gp40/CD7.'9? KG 1a cells have no cell surface T3 antigen 
detectable by immunofluorescent staining and flow cytome- 
try but accumulate T3 proteins intracytoplasmically with a 
prominent perinuclear localization. Elsewhere? we describe 
that this is a consistent characteristic of leukemic and normal 


T cell precursors and reflects restriction to the site of 


synthesis of T3 proteins in the perinuclear endoplasmic 
reticulum and defective transport to the golgi and cell 
surface in the absence of TCRa chains (or a/8 dimers). 
Only low levels of TCR mRNA have been detected in 
KGla cells. These cells also have the germline configuration 
of the TCR3 gene that is also normally seen in the immature 
T3/T6- (CD3/CD1-) thymocytes."?? It is not clear, how- 
ever, whether TCRj genes are transcribed prior to rear- 
rangement in normal T cell development, and the only 
example, other than KGla, of apparent germline gene tran- 
scripts is in cells from an individual patient with T-ALL.? It 


1105 





is possible, however, that a minor subpopulation of KGla 
cells have rearranged the TCR gene and that these cells are 
transcribing the TCR mRNA detected. Such a rearrange- 
ment would necessarily be aberrant since the normal size 
(1.0 kb or 1.3 kb) transcripts are not detected in these cells 

A trace of TCR8 mRNA was also detected in some but 
not all experiments with KG1. This lack of reproducibility 
prohibits any clear interpretation, but one possibility is that a 
minor fraction of the parental KG! cells shares with the 
KGla subline the characteristic of transcribing TCRS 

KGla appears so far to be unique as a myeloid line 
derivative in expressing both TCR§ and T3ô genes. Although 
AML cells may occasionally show partial rearrangement of 
TCR," we have observed no TCR rearrangement or 
expression (mRNA) or T3ô expression (mRNA and/or 
cytoplasmic protein) in other myeloid leukemia cell lines 
(EM2, EM3, HL-60, U937, THP-1) or in 26 uncultured 
AML (A.J.F. et al, unpublished observations) 

Although KGla cells have a composite phenotype similar 
to T cell precursors and equivalent leukemic cells, they are 
TdT-negative and could not be induced to express additional 
T cell characteristics. KG] and KGla both express Igu chain 
mRNA transcribed from a germline IgH gene. Transcription 
of unrearranged Ig genes has previously been described in 
murine B, T, and myeloid cells.??* Some human myeloid 
leukemias may have partially rearranged IgH genes, ^^? 
but little data are available on u gene transcription. The 
AML cell lines ML1, 2, and 3 have a common 4 gene 
rearrangement?" (A.J.F., unpublished observation) but fail 
to produce any detectable u mRNA (Fig 2). Similarly, one 
AML patient's cells investigated by Cheng et al had u gene 
rearrangement but no transcripts. Since neither KG1 nor 
KGla express antigenic markers of B cell precursors (eg, 
CD19), there are no other indications that they might have B 
lineage affiliation. 

There are two interpretations of these observations. First, 
KGla being an aneuploid leukemia cell line maintained in 
vitro for more than 4 years now expresses an aberrant 
phenotype that has no distinctive lineage affiliation." This 
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would perhaps accord with the observation that KGla still 
expresses one myeloid-associated antigen (MY7) and tran- 
scribes u genes in the germline configuration as well as 
TCR. 

Second, this patient's leukemia, and the original KG1 cell 
line, were in fact derived from a common myeloid-T lym- 
phoid cell precursor, and a subline (KG la) had evolved from 
a daughter cell committed to the T cell lineage. The existence 
of such a bipotential or multipotential progenitor cell has 
been deduced from studies on murine hematopoiesis’ and 
on chronic granulocytic leukemia in humans. Fialkow and 
colleagues have provided evidence for clonal involvement of 
mature T cell in some cases of CML," and we have recently 
described a case of Ph'-positive CML that evolved into a T 
cell blast crisis expressing the composite phenotype of thy- 
mocytes including a clonally rearranged TCR# gene and a 
rearranged bcr (Ph! breakpoint region.)? 

At present it is not possible to decide which of these 
interpretations is correct. Other strategies are being adopted 
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to induce differentiation in KG la cells, which might resolve 
the issue. KGla has chromosomal features confirming its 
clonal origin from KG1, but in contrast to the earlier report,’ 
we find that it now has a distinctive karyotype. It may be 
significant that one of the two new karyotypic features of 
KGla is an isochromosome 1 lq. Since the T35 gene maps to 
11(q23-qtre),” it is certainly possible that the two additional 
copies of 11q are responsible for the T3ó gene transcripts 
detected and that this karyotypic change is in part responsi- 
ble for the dramatic shift in phenotype between KG1 and 
KGla. 
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A Novel Basis for 6@-Thalassemia in a Chinese Family 


By George F. Atweh, Ding-er Zhu, and Bernard G. Forget 


We have studied a Chinese family in which @-thalassemia 
and 58-thalassemia were found in simple and compound 
heterozygous states. The óÓ-thalassemia heterozygote 
(the mother) had 22.396 hemoglobin F, of which 4096 was 
Sy and 6096 ^v: globin chain studies showed an a/f8 + y 
ratio of 1.36. The compound heterozygote for 5 -thalasse- 
mia and §-thalassemia (the child) had the clinical picture of 
thalassemia intermedia and an a/ + Y ratio of 4.44, Gene 
mapping studies were performed using DNA from the 
affected child. Seventy kilobases of DNA in the (-globin 


0. a consists of a heterogeneous group of 
disorders that share a common phenotype characterized 
by decreased synthesis of the adult ô- and 8-globin chains 
and increased synthesis of fetal y-globin chains.! However, 
the increased synthesis of y chains does not fully compensate 
for the lack of production of 8 chains, giving rise to a mild 
imbalance in a to non-a-globin chain synthesis and a 
thalassemic phenotype.’ The vast majority of the 68-thalas- 
semias that have been studied at the molecular level are 
associated with extensive deletions of DNA in the -globin 
gene cluster that usually remove all or part of the 
ô- and B-globin genes in addition to varying amounts of 
adjacent sequences.** In this communication, we describe 
the interaction of a óf-thalassemia determinant with a 
B-thalassemia gene in a Chinese family. Hematologic and 
globin synthetic studies identified simple heterozygotes for 
both conditions in addition to a compound heterozygote. 
Molecular studies did not show any detectable deletions or 
rearrangements in the J-globin cluster associated with the 
óf-thalassemia phenotype. We discuss the implications of 
these findings for the understanding of hemoglobin switching 
and speculate on a possible molecular mechanism that could 
explain this phenotype. 


MATERIALS AND METHODS 


Summary of case histories. The index case was a 4-year-old 
Chinese boy who immigrated to the United States with his father 
and mother at the age of 3 years. His early childhood was notable for 
easy fatiguability and excessive sleep but was otherwise unremark- 
able. On a routine evaluation for admission to a day care center in 
this country, he was noted to be pale. Physical examination revealed 
a grade H/VI systolic ejection murmur and a spleen that extended 
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gene cluster starting upstream from the c-globin gene and 
ending downstream from the @-globin gene were mapped, 
and no detectable deletions or rearrangements were 
detected. In addition, heterozygosity was detected at mul- 
tiple polymorphic restriction sites in and 3' to the 8-globin 
gene, which excludes the possibility of a deletion of the 
entire B-globin gene cluster. This is the first example of a 
nondeletion 68-thalassemia associated with increased 
expression of both ĉy and ^y genes. 

9? 1986 by Grune & Stratton, Inc. 


about 5 cm below the left costal margin. Both the father and mother 
were healthy, and the child had no siblings. Table | summarizes the 
hematologic data in this family. 

Globin studies. Hemoglobin electrophoresis with HbA, and 
HbF quantitation were performed using standard methods The 
distribution of HbF in red cells was assessed as described by 
Kleihauer et al.* Globin chain synthesis in peripheral blood reticulo- 
cytes was studied using carboxymethyl cellulose chromatography as 
previously described. The ^y and ^y composition of the fetal 
hemoglobin was further analyzed using high-performance liquid 
chromatography (HPLC)* and polyacrylamide-urea gel electropho- 
resis.’ 

Molecular studies. High-molecular weight DNA was isolated 
from peripheral blood leukocytes using the procedure of Blin and 
Stafford." DNA was digested using different restriction enzymes, 
fractionated by electrophoresis in agarose gels, blotted onto nitrocel- 
lulose filters, and hybridized to nick-translated DNA probes as 
described by Southern.!! Different unique sequence probes from the 
€. Y^ VBl- and B-globin genes were used in the gene mapping 
experiments. Restriction enzyme polymorphisms in the -globin 
gene cluster were evaluated using the following enzyme/probe 
combinations": Hincll/e gene, Hindlll/»y gene, Hincll/V/8l gene, 
Tagl/5' 5-flanking DNA, Rsal/5' g-flanking DNA, Avall and 
BamH1/ gene and HindllM/3' 8-fanking DNA (pRK 29). 


RESULTS 


Globin studies. The results of hemoglobin and globin 
chain analyses are shown in Table 2. The father's hemoglo- 
bin consisted of 91.1% A, 6.5% A», and 2.4% F. Globin chain 
synthesis studies showed an a/8 ratio of 1.77. These findings 
along with a mild microcytic anemia are typical of the 
8-thalassemia trait. The mother did not have anemia or 
microcytosis, but her blood film showed thalassemic changes. 
Her hemoglobin consisted of 72.6% A, 1.5% Aj, and 22.3% F. 
Globin chain synthetic studies (Fig 1A) showed an a/ ratio 
of 1.68 and an a/@ + y ratio of 1.36. The fetal hemoglobin 
distribution was heterocellular by Betke staining and the y 
chain composition was 40% °y and 60% ^y. These findings 
are typical of 68-thalassemia trait. The son, on the other 
hand, who clinically had 8-thalassemia intermedia, had the 
following hemoglobin constitution: 15% A, 3.6% A, and 
81.4% F. Fetal hemoglobin was heterocellularly distributed 
and the y chains were 52.2% of the °y variety and 47.8% ^y. 
Globin chain synthesis studies (Fig 1B) showed an af ratio 
of 10.20 and an a/8 + ~ ratio of 4.44. These findings are 
compatible with the doubly heterozygous state for 8-thalas- 
semia and óf-thalassemia. 

Molecular studies. All of the restriction mapping exper- 
iments were performed by comparing genomic DNA from 
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Table 2. Results of Hemoglobin and Globin Chain Analyses 

Proband Father Mother Proband Father Mother 
Hb (g/dL) 6.8 12.2 13.2 HbA (96) 15.0 91.1 76.2 
Hct (96) 21.6 38.0 42.5 HbA, (96) 3.6 6.5 15 
MCV (FL) 70.7 67.5 81.0 HbF (96) 81.4 2.4 22.3 
MCH {og} 22.3 21.6 25.5 Sy/^vy* (96) 52/48 27/73 40/60 
MCHC (g/dL) 31.5 32.0 31.2 al Bt 10.20 1.77 1.68 
Reticulocytes (%) 23.6 0.6 2.2 alB + yt 4.44 1.58 1.36 
NRBC/100 WBC 120 0 9 *Results obtained by HPLC. 





Abbreviations: Hct, hematocrit; MCV, mean corpuscular volume; 


MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglo- 
bin concentration; NRBC, nucleated red blood cells. 


the affected child with normal DNA side by side in Southern 
blotting experiments. We evaluated the sizes of several 
overlapping restriction fragments that span more than 70 
kilobases (kb) of DNA that start upstream from the « gene 
and end downstream from the 8 gene. A summary of these 
results is shown in Table 3. The e-globin region was evaluated 
using a genomic e probe that hybridized to a 9.5 kb Bell 
fragment in both the patient's DNA and the control DNA. 
(Fig 2A) The y-globin region was evaluated using a 5' y 


cpm/mi >- 





TRatio of radioactivity incorporated into globin chains that were 
fractionated by carboxymethyl cellulose column chromatography. 


probe that hybridized to a 13-kb Bg/II fragment (Fig 2B) 
and three BamHI fragments (15.5 kb, 5.1 kb, and 2.6 kb) in 
both the patient and the normal control. The 81-globin 
region was evaluated using a V8] genomic probe that hybrid- 
ized to a 15.5-kb BamHI fragment and a 17.5-kb Hindill 
fragment in both the patient and normal control (Fig 2C). 
The ô- and B-globin regions were evaluated using a 8-1VS2 
probe that hybridized to an [1-kb Xbal fragment, (Fig 2D), 
a 7.6-kb Hindlll fragment, and an 8.3-kb BamHI fragment 
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light absorption at 280 nm; dashed line denotes 
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chains from ófi-thalassemia heterozygote 
(mother): a/8 ratio, 1.68; and a/f + y ratio, 
1.36. (B) Chromatogram of globin chains from 
affected child, doubly heterozygous for 58- 
thalassemia and §-thalassemia: a/f ratio, 
10.20; and a/ß + y ratio, 4.44 
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Table 3. Gene Mapping Resuits: Sizes of Restriction Enzyme 
Fragments (kb) Detected by Different Genomic Probes 











Probe 

Enzyme Digest € Y yB B 3'B-Flanking 
Hincll 3.7 ND 7.6 ND ND 
Hindili ND 3.4, 7.7 17.5 76 13.5, 15.5 
Bglli 10.5 13 ND ND ND 
BamHi ND 2.6, 5.1, 15.5 15.5 8.3 ND 
Xbal ND 7.5, 5.1, 3.7 2,75 11 ND 
Bell 9.5 17.2 ND ND ND 
Avail ND ND ND 2,2.2 ND 





Abbreviation: ND, not determined. 
All fragment sizes were identical in patient's DNA and that of a normal 
control. 


in both the patient and the control. These fragments in 
addition to others summarized in Table 3 are schematically 
represented on the 8-globin gene cluster map in Fig 3. No 
abnormally sized fragments were detected in the child's 
DNA with any of the probes. 

These results could be interpreted to indicate either the 
absence of any detectable deletion or rearrangement in the 
B-globin gene cluster or the deletion of the entire cluster on 
one chromosome. To distinguish these two possibilities, we 
looked for heterozygosity at restriction enzyme sites known 
to be polymorphic in the 8-globin gene cluster. Of the ten 
restriction sites studied, the Avall site in IVS-2 of the 
B-globin gene as well as the Hindlll and BamHI sites 
downstream from the 6-globin gene were polymorphic (ie, 
both + and —) in the DNA of the affected child (see Fig 3). 
These findings along with the normal restriction mapping 
studies indicate that both f-globin gene clusters on both 
chromosomes are preserved with no detectable deletion or 
rearrangement within 70 kb of DNA. We cannot rule out a 
deletion or rearrangement 5' or 3' to this 70 kb of DNA, since 
unique sequence probes from these regions are not available. 

To establish whether the 8-globin gene on the 58-thalasse- 
mia chromosome is expressed, it would be necessary to 
establish the nature of the 8-thalassemia gene on the trans 
chromosome. Analysis of restriction fragment length poly- 
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morphisms (RFLPs) in the family (Fig 3) indicates that the 
8-thalassemia gene is on a chromosome of the Chinese 
haplotype 2. A number of different thalassemia mutations 
have been found to be associated with this haplotype in 
Chinese individuals, but none of these mutations could be 
identified by use of synthetic oligonucleotides in DNA 
samples from this family (H.H. Kazazian Jr, personal com- 
munication). Therefore, the 8-thalassemia in this family may 
be due to a previously undescribed mutation, and we cannot 
yet ascertain whether it is of the 8° or B* type. 

Another noteworthy feature of the RFLP haplotype analy- 
sis in this family is the finding of an example of discordance 
between two sites (9 and 10 in Fig 3) that are usually in 
linkage disequilibrium. The nonthalassemic chromosome of 
the mother is associated with the absence of both the HindIII 
site (site 9) and the BamHI site (site 10), whereas in an 
extensive study it was previously found that an absent 
BamHI site is 100% correlated with the presence of the 
Hindll site.'^ This result could be explained either by a 
crossover event between the two sites (which is unlikely in 
view of their proximity) or by a point mutation or very small 
deletion event involving the HindIII site. 


DISCUSSION 


The óg-thalassemia phenotype of the Chinese family 
reported in this communication is characterized by an ele- 
vated level of fetal hemoglobin (22.3%) in the heterozygous 
state. The y-globin chains consist of 40% “y and 60% ^y. The 
increase in y-globin gene expression, however, is not enough 
to compensate for the decrease in 3-globin gene expression as 
demonstrated by the imbalance between a-and non-a-globin 
chain synthesis. This is reflected by the thalassemic morphol- 
ogy of the RBC in the heterozygous state and a marked 
anemia when -thalassemia coexists with G-thalassemia in a 
compound heterozygous state. It is unclear whether the 
interacting 8-thalassemia gene in this case is of the 8° or B* 
variety, since no f-thalassemia homozygotes exist in this 
family. Thus, in the absence of a homozygous state for this 
type of 68-thalassemia, it cannot be determined whether the 


Fig 2. Mapping of restriction enzyme sites in the 
B-globin gene cluster of the patient doubly heterozy- 
gous for f-thalassemia and óf-thalassemia. The 
patient's DNA (P) and DNA from a normal control (c) 
were digested with different restriction enzymes as 
indicated above the autoradiographs and analyzed by 
Southern gel blotting. (A) A 9.5-kb Bc/l fragment when 
a 1.3-kb BamHI/ EcoRI « probe is used. (B) A 13-kb Bgll 
fragment when a 2.7-kb EcoRI 5' ^y probe is used. (C) A 
17.5-kb Hindlil fragment and 15.5-kb BamHI fragment 
when a 4.2 kb Bglli ¥81 probe is used. (D) An 11-kb 
Xbal fragment when a 0.95-kb BamHi/EcoRI 6-IVS2 
probe is used. 
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Fig 3. A map of the -globin gene cluster. The = = 
lines under the map represent the DNA fragments LÀ eH sin 
detected in DNA from the patient doubly heterozy- t Ed: : Bel 
gous for S-thalassemia and 68-thalassemia when the E— —3À H = Bcl I 
different restriction enzymes and probes summarized LU E————— +H H 4 ER 
in Table 3 were used in Southern blotting experi- 
ments. All of the overlapping fragments are identical t t T T 1 t A^ yk 
in size to those detected in the normal control. The 1 2 3 4 7 8 9 10 
numbered arrows represent the positions of polymor- * < WU cee + +H- H- H- CHILO 
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Hind; 6, Taqi; 7, Rsal; 8, Avall; and 10, BamHl. A + 
indicates cleavage and a —, absence of cleavage at a + » = uem to - o - D thal 
site. * = a m m + 60 thal 


B-globin gene on the 68-thalassemia chromosome is partially 
or completely silenced. This will have to await the cloning of 
the 6-thalassemia gene from this chromosome and its study 
in an in vitro expression system. The expression of the 5-gene 
on the óf-thalassemia chromosome is also probably 
decreased or absent as suggested by a low hemoglobin A, 
level of 1.595 in the heterozygous mother. 

68-thalassemia and HPFH, both disorders characterized 
by the failure of the normal switch from fetal to adult globin 
production, have been the subject of extensive molecular 
studies over the last several years. It became apparent during 
the earlier stages of these studies that some cases of HPFH 
were associated with extensive deletions in the 6-globin 
cluster," whereas others were associated with a grossly 
normal 6-globin cluster.'*?! The former were called deletion 
HPFH and the latter nondeletion HPFH. On the other hand, 
all but one example of 58-thalassemia were associated with 
extensive DNA deletions.** Multiple theories have been 
suggested to explain the phenotype of HPFH and ôg- 
thalassemia on the basis of these deletions. First it was 
suggested that the extensive deletions may remove a negative 
regulatory element between the “y- and 6-genes and result in 
the continued expression of the fetal genes into adult life.” 
Others suggested that the deletions may affect the chromatin 
structure in the 8-globin cluster and maintain the fetal genes 
in a transcriptionally active domain that results in the 
continued expression of the fetal genes into adult life.? Yet 
another more recent theory is that the deletion may result in 
enhanced expression of the fetal genes by bringing into the 
neighborhood of these genes DNA sequences that function as 
enhancer elements." 

The nondeletion HPFH syndromes have been studied 
more recently by several groups, ” and point mutations in 
the promoter regions of the y-globin genes were identified 
and shown to be tightly linked to the phenotype.^*? How- 
ever, there is still no direct evidence of a causal link between 
these mutations and the HPFH phenotype. The one situation 
where a typical 68-thalassemia phenotype was found to exist 
in the absence of a detectable deletion was in the Sardinian 
óf-thalassemia.? The phenotype was characterized by an 
absence of -globin production and an increase in the “y type 
of fetal hemoglobin.” Pirastu et al*! and Guida et al? 
demonstrated that the 8-globin gene on this chromosome 
carried a nonsense mutation at the position corresponding to 
amino acid number 39. They suggested that this 68-thalasse- 


mia is likely to be the result of two independent mutations, 
one that silences the 6-globin gene and another mutation that 
elevates the “y-globin production??? Recently Giglioni et al 
showed the presence of a point mutation at position — 196 of 
the ^y gene in Sardinian 66-thalassemia. This same mutation 
was previously identified in the “y-gene promoter of the ^y 
HPFH chromosome of a Southern Italian individual.? Thus 
it seems quite likely that the Sardinian óf-thalassemia is the 
result of two independent mutations. 

The ó8-thalassemia in this Chinese family is particularly 
interesting. The phenotype is similar to the deletion type of 
68-thalassemia, since both Sy and ^y genes are activated and 
ô and f genes are suppressed. However, extensive mapping 
studies failed to show any detectable deletion in the 8-globin 
cluster extending from the e gene to 20 kb downstream of the 
B gene. To explain the phenotype on the basis of independent 
mutations in the fetal and adult genes, one would have to 
envision four independent mutations affecting the °y,*y,6, 
and 6 genes. 

A more likely possibility would be a single mutation in a 
region critical for the switching from predominantly fetal 
globin expression to adult globin expression. Such a single 
mutation could explain the 68-thalassemia phenotype in this 
Chinese family and could theoretically be located either 
within or outside of the 8-globin gene cluster. An analogous 
example of such a phenomenon is provided by heterocellular 
HPFH, a genetically heterogeneous condition associated 
with a much more modest elevation of HbF that is of both the 
Sy and ^w types.'^ In many cases of heterocellular HPFH, 
the determinant is definitely linked to the 6-gene cluster, ^?" 
though in some cases, perhaps at some distance from it, ^?" 
whereas in others, it is clearly not linked to the cluster??? It 
would be very interesting to determine whether the deter- 
minant of this phenotype is linked to the 6-globin cluster in 
this family. To do this one must study linkage of the 
phenotype to multiple restriction site polymorphisms in the 
B-globin cluster in as many individuals as possible from this 
family. Unfortunately, such a study is not feasible at present 
with only three members of this family residing in the United 
States. Nevertheless, the genetic locus responsible for the 
58-thalassemia in this family may be the same as that for 
some cases of heterocellular HPFH, but mutated in a fashion 
that results in higher levels of HbF production and, concomi- 
tantly, lower levels of HbA, and HbA production. 

Recently, a nondeletion form of HPFH associated with the 
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synthesis of both y and ^y chains of HbF has been charac- 
terized in a Chinese individual? However, the mutation in 
the latter individual is likely to be different from that of our 
patient because it is associated with a different haplotype of 
RFLPs and with a significantly higher ratio of Sy to ^y chain 
synthesis. 
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Cyclophosphamide Cardiotoxicity: An Analysis of Dosing as a Risk Factor 


By Mark A. Goldberg, Joseph H. Antin, Eva C. Guinan, and Joel M. Rappeport 


Patients who undergo bone marrow transplantation are 
generally immunosuppressed with a dose of cyclophospha- 
mide (CYA) which is usually calculated based on the 
patient's weight. At these high doses of CYA, serious 
cardiotoxicity may occur, but definitive risk factors for the 
development of such cardiotoxicity have not been 
described. Since chemotherapeutic agent toxicity gener- 
ally correlates with dose per body surface area, we retro- 
spectively calculated the dose of CYA in patients trans- 
planted at our institution to determine whether the 
incidence of CYA cardiotoxicity correlated with the dose 
per body surface area. Eighty patients who were to receive 
CYA 50 mg/kg/d for four days as preparation for marrow 
grafting underwent a total of 84 transplants for aplastic 
anemia, Wiskott-Aldrich syndrome, or severe combined 
immunodeficiency syndrome. Fourteen of 84 (17%) 
patients had symptoms and signs consistent with CYA 
cardiotoxicity within ten days of receiving 1 to 4 doses of 
CYA. Six of the 14 patients died with congestive heart 
failure. The dose of CYA per body surface area was 


N order to achieve successful bone marrow engraftment, 
effective immunosuppression of the bone marrow recip- 
ient is of paramount importance. Cyclophosphamide (CYA) 
is an alkylating agent that has been shown to have both 
potent immunosuppressive properties and antineoplastic 
activity, and it is a mainstay in most pretransplant prepara- 
tive regimens. In 1970, Storb and colleagues investigated the 
hematologic and pathologic effects of various high-dose 
CYA regimens in rhesus monkeys. Monkeys given 240 
mg/kg of CYA over one to four days had a greater than 75% 
incidence of cardiotoxicity.? Subsequently, in 1971, Santos et 
al reported the first case of fatal CYA cardiotoxicity in a 
human.? Since 1971, two series and numerous case reports 
have appeared in the literature, indicating that cardiotoxicity 
can occur in patients receiving 120 to 270 mg/kg of CYA 
over one to eight days. These patients developed severe and 
often fatal congestive heart failure soon after the first dose of 
CYA.*" Unfortunately, it is difficult to determine the true 
incidence and contribution of CYA to the cardiotoxicity 
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calculated for all patients and the patients were divided 
into two groups based on daily CYA dose: Group 1, CYA 
<1.55 g/ m^/d; Group 2, CYA >1.55 g/ m?/d. Cardiotoxicity 
that was thought to be related to CYA occurred in 1/32 
(396) of patients in Group 1 and in 13/52 (25%) patients in 
Group 2 (P < 0.025). Congestive heart failure caused or 
contributed to death in 0/32 patients in Group 1 v 6/52 
(1296) of patients in Group 2 (P < 0.25). There was no 
difference in the rate of engraftment of evaluable patients 
in the two groups (P > 0.5). We conclude that the CYA 
cardiotoxicity correlates with CYA dosage as calculated by 
body surface area, and that patients with aplastic anemia 
and immunodeficiencies can be effectively prepared for 
bone marrow grafting at a CYA dose of 1.55 g/m?/d for 
four days with a lower incidence of cardiotoxicity than 
patients whose CYA dosage is calculated based on weight. 
This study reaffirms the principle that drug toxicity corre- 
lates with dose per body surface area. 

e 1986 by Grune & Stratton, Inc. 


since the literature contains primarily case reports and the 
CYA was administered in various dosages and often with 
other potentially cardiotoxic agents. However, if the series of 
Steinherz et al'* and Gottdiener et al!^ are combined, the 
incidence of symptomatic cardiomyopathy is 22% (16/72) 
and fatal cardiotoxicity is 11% (8/72). 

It is noteworthy that there are no case reports of fatal 
cardiotoxicity in humans less than 12 years old, suggesting 
that there is either an intrinsic resistance to the cardiotoxic 
effects of CYA in children or that children received a lower 
relative dose of CYA. In most bone marrow transplant 
protocols CYA is administered on a mg/kg basis, even 
though chemotherapeutic agent toxicity in general!^!$ and 
CYA toxicity in particular’® have been shown to correlate 
with dose per body surface area. We retrospectively analyzed 
the occurrence of cardiotoxicity in patients with aplastic 
anemia and immunodeficiency syndromes treated at our 
institutions over the last 13 years. We chose patients with 
aplastic anemia or immunodeficiency syndromes because we 
used the same dosage of CYA to prepare patients with these 
diseases for marrow transplantation, and we avoided the 
confounding effects of prior anthracycline use and total body 
irradiation which are used in patients with malignancies. 
This article summarizes our analysis of CYA dosing and 
cardiotoxicity in 80 patients undergoing a total of 84 marrow 
transplants. 


METHODS 


In accordance with institutional review board guidelines, we 
reviewed the records of 80 consecutive patients with aplastic anemia, 
severe combined immune deficiency syndrome (SCIDS), and the 
Wiskott-Aldrich syndrome (WAS) who received high-dose CYA as 
part of the preparative regimen for bone marrow transplantation 
between 1972 and 1985 at the Brigham and Women’s Hospital and 
the Children’s Hospital Medical Center in Boston. Patients who 
received total body irradiation or who had known prior heart disease 
were excluded from the analysis. The only patients with SCIDS who 
were prepared with CYA received T cell-depleted marrow inocula 
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from haploidentical family members. These patients received or 
were scheduled to receive CYA at a dosage of 50 mg/kg/d for four 
consecutive days. Other immunosuppressive and myelotoxic agents 
are listed in Table 1; these regimens have been reported previous- 
ly." In brief, 49 patients with aplastic anemia received rabbit 
antithymocyte serum (ATS) 0.2 mL/kg every other day for 3 doses, 
procarbazine 12.5 mg/kg every other day for 3 doses, and CYA 50 
mg/kg/d for four days; 15 patients were prepared with CYA 50 
mg/kg/d for four days alone, and one patient with aplastic anemia 
complicating paroxysmal nocturnal hemoglobinuria received busul- 
fan 16 mg/kg in divided doses ın addition to the CYA, ATS, and 
procarbazine Children with SCIDS receiving haploidentical, T 
cell-depleted marrow transplants were treated similarly to patients 
with aplastic anemia except they did not receive the procarbazine.? 
The patients with WAS received ATS, CYA 50 mg/kg/d for four 
days, and busulfan 8 to 16 mg/kg in divided doses. All but one 
patient with aplastic anemia were transplanted from HLA identical, 
MLR compatible siblings; the only exception was a patient with a 
D/DR crossover, and thus, a single antigen mismatch. Patients with 
WAS were transplanted from either HLA identical or haploidenti- 
cal relatives and all haploidentical transplants were performed with 
T cell-depleted marrow (Table 1).!5? 

Cyclophosphamide cardiotoxicity was defined as the occurrence 
of symptomatic congestive heart failure within ten days of receiving 
the first dose of CY A. All such patients were followed with frequent 
chest x rays and electrocardiograms. Eight of 14 symptomatic 
patients had M-mode or real time echocardiograms. Routine post- 
transplant echocardiograms were not obtained. 

Engraftment was assessed by the recovery of granulocytes to 
7500 cells/uL, platelets >20,000 cells/uL without platelet transfu- 
sion, reticulocytes >1%, red blood cell typing for 30 RBC antigens, 
cytogenetics, DNA polymorphism analysis, and blastogenic response 
to lectins as described previously. ^? 

Statistical methods. x? analysis and Student's t test were per- 
formed with the Systat statistical software package (Evanston, Ill), 
and the life-table analysis and log-rank test were performed as 
described by Peto et al?! AIl x? analyses utilized the Yates 
continuity correction 


RESULTS 


Patient characteristics. The age, sex, diagnoses, HLA 
compatibility, and preparative regimens are shown in Table 
1. Eighty patients underwent 84 evaluable transplants (2 
patients with aplastic anemia and 2 patients with SCIDS 
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each received 2 transplants). Sixty-three patients had severe 
aplastic anemia, 10 patients had SCIDS, and 7 patients had 
WAS. 

Four of the patients had aplastic anemia as a complication 
of paroxysmal nocturnal hemoglobinuria and none had Fan- 
coni's anemia. Because of the nature of the diseases, patients 
with WAS and SCIDS were significantly younger than the 
patients with aplastic anemia (Student's ż test, P < 0.01). 

Incidence of cyclophosphamide cardiotoxicity. In 14/ 
84 (17%) transplants, signs and symptoms consistent with 
congestive heart failure developed within ten days of receiv- 
ing the first dose of CYA. The clinical diagnosis of conges- 
tive heart failure was supported by echocardiography in 6 
patients and was equivocal in 2. Six of the 14 (43%) died with 
congestive heart failure, although in 4/6 sepsis may have 
contributed. Postmortem examinations were obtained ın 4 of 
the 6 patients and findings consistent with CY A cardiotoxic- 
ity® were present in all four. In none of the cases that came to 
autopsy was there evidence of cardiac hemosiderosis. All of 
the cases of congestive heart failure were found in the group 
with aplastic anemia (14/65 [22%]); no patients with 
SCIDS or WAS developed clinical cardiotoxicity (0/19). 

Correlation of age and dose per body surface area with 
the occurrence of cardiotoxicity. Patients with cardiotox- 
icity were significantly older than patients without clinically 
apparent cardiac injury (median ages 18 years v 2 years; 
Student's t test, P < 0.01). When cardiotoxicity did occur in 
children it was not fatal. Since small patients have a greater 
relative body surface area, we recalculated the dose of CYA 
that they received based on body surface area. The dose of 
CYA was 1.822 + 0.203 g/m?/d (mean + SD) in patients 
with cardiotoxicity and 1.532 + .380 g/m?/d (mean + SD) 
in patients without cardiac toxicity (Student's f test, 
P < 0.005). The relationship of age and dose/m! is shown in 
Fig 1. It is clear that children received much lower relative 
doses of CYA than did adults and adolescents. Because some 
patients developed cardiotoxicity before the entire dose of 
200 mg/kg was administered, data were analyzed based on 
daily dosage rather than total dosage. The relationship 
between cardiotoxicity and dose per body surface area is 
shown in Fig 2. Since there was a dose of CY A below which it 


Table 1. Clinical Characteristics 











Median Age, yrs Degree of Preparative 
Diagnosis n (range) Sex (M/F) HLA Compatibility Regimens* 
Aplastic anemia 63 18 38/25 62 HLA match ATS/CYA/PC (48) 
(2-52) CYA (15) 
Bu/ATS/CYA/PC (1) 
1 mismatch ATS/CYA/PC (1) 
Wiskott-Aldrich 7 2.75 7/0 5 HLA match Bu/ATS/CYA (4) 
Syndrome (0.75-5 75) Ara-C/CYA (1) 
2 mismatch Bu/ATS/CYA (2) 
SCIDS 10 0.75 6/4 10 mismatch ATS/CYA (9) 
(0.33- 1.5) Bu/ATS/CYA (2) 
ATS/CYA/PC (1) 
Total 80 





Abbrev: Ara-C, arabinosyl cytosine, ATS, antithymocyte serum, Bu, busulfan; CYA, cyclophosphamide; PC, procarbazine; SCIDS, severe combined 


immunodeficiency syndrome 


*Numbers in parentheses indicate the number of transplants done with the indicated regimen. Two patients with aplastic anemia and two patients 


with SCIDS were transplanted twice. 
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Fig1. Daily dose of CYA per body surface area expressed as a 
function of age. All of these patients received CYA doses calcu- 
lated on the basis of weight; the doses per body surface area were 
then retrospectively determined. Open circles, no cardiotoxicity: 
closed circles, cardiotoxicity. 


appeared unlikely that a subject would develop cardiotoxici- 
ty, the patients were divided in two groups based on daily 
CYA dose. Group 1 received CYA <1.55 g/m?/d and Group 
2 received CYA >1.55 g/m?/d. The median age of the 
patients in Group 1 was two years (range 4/12 to 26 years) 
while the median age in Group 2 was 18 years (range 17 to 52 
years) and this difference was statistically significant (Stu- 
dent's t test, P < 0.01). Cardiotoxicity occurred in 1/32 (3%) 
patients in Group 1 compared to 13/52 (25%) of patients in 


DOSE (g/m?/day) 





WITHOUT WITH 
CYA CARDIOTOXICITY 


Fig 2. Occurrence of CYA cardiotoxicity as a function of daily 
dose per body surface area. Bars indicate mean + SD. 
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Group 2 (x? = 5.34, P < 0.025). When the patients with 
aplastic anemia were analyzed separately, cardiotoxicity 
occurred predominantly in the patients in Group 2 (13/52 v 
1/13, x? = 0.85, P > 0.25). Although the analysis did not 
reach statistical significance, the trend suggests that the 
difference would have been significant if more patients were 
studied. 

It 1s important to note that we did not observe cumulative 
CYA cardiotoxicity in the 4 subjects who received more than 
one transplant and therefore received CYA 400 mg/kg total 
dose. However, it is possible that cumulative toxicity might 
be apparent if more patients are studied. Congestive heart 
failure caused or contributed to death in 0/32 patients in 
Group 1 v 6/52 (12%) of patients in Group 2 (x? = 2.43, 
P « 0.25). 

Engraftment. Patients were considered evaluable for 
determination of engraftment if they lived for at least 21 
days after transplant. Since the patients with SCIDS 
received haploidentical transplants and were likely to 
develop only lymphoid grafts, and the children with WAS 
received busulfan, we only analyzed the evaluable individu- 
als with aplastic anemia in Groups | and 2. In Group 1, 9/10 
(90%) of the patients engrafted compared with 33/41 (81%) 
of the patients in Group 2 (x? = 0.06, P > 0.5). There was 
also no difference in survival when assessed by life-table 
analysis and the log-rank test (x? = 1.012, P > 0.5). It is 
possible that differences in engraftment would be apparent if 
more patients were studied; however, our data do not suggest 
a trend toward a higher rate of engraftment with higher 
doses of CYA. 


DISCUSSION 


In the early 1970s Santos and coworkers* and the Seattle 
group? pioneered the use of cyclophosphamide in the immu- 
nosuppression of patients in preparation for bone marrow 
grafting. Cyclophosphamide was generally administered in a 
total dose of 200 mg/kg for patients with aplastic anemia 
and 120 mg/kg for patients with malignancies who would 
also receive total body irradiation. Based on those early 
studies most transplant units, including ours, employed simi- 
lar preparative regimens. It became gradually clear that this 
dose of cyclophosphamide could cause a lethal cardiotoxicity 
characterized by severe, often refractory, congestive heart 
failure occurring one to ten days after the administration of 
the first dose of cyclophosphamide.* The clinical syndrome 
of severe congestive heart failure was accompanied by elec- 
trocardiographic findings of diffuse voltage loss, cardiomeg- 
aly, pulmonary vascular congestion, and pleural effusions on 
chest radiograph, and echocardiographic demonstration of 
decreased fractional ventricular wall shortening, increased 
end-diastolic volume, and pericardial effusions. Pathological 
examination of the heart reveals hemorrhagic myocardial 
necrosis, thickening of the left ventricular wall, serosangui- 
nous pericardial effusions, and fibrinous pericarditis. Elec- 
tron microscopy has shown multifocal myocardial necrosis 
associated with fibrin microthrombi near areas of capillary 
endothelial damage. These findings are thought to be consis- 
tent with myocardial necrosis following cyclophosphamide- 
induced endothelial damage.® 


CYCLOPHOSPHAMIDE CARDIOTOXICITY 


No definitive risk factors for the development of CYA 
cardiotoxicity have yet been identified. It does not seem to be 
related to the underlying disease or anemia or thrombocyto- 
penia." It is possible that prior anthracycline chemotherapy 
and/or radiation therapy may predispose to the development 
of CYA cardiotoxicity." However, we excluded from evalua- 
tion all patients who had received anthracyclines or any 
radiation therapy, and in the absence of any demonstrable 
prior cardiac dysfunction it is likely that the cardiomyopathy 
observed in this series is due to CYA alone. Although 
procarbazine is not known to be associated with cardiotoxici- 
ty, fewer children received it as part of the preparatory 
regimen and we cannot exclude the possibility that procarba- 
zine can contribute to the cardiotoxicity of CYA. Clearly, 
sepsis can be associated with cardiac dysfunction,” and since 
4/6 patients who died were septic, it is likely that sepsis 
contributed to the severity of the cardiac damage. Cardiac 
injury due to transfusion-associated iron overload could 
conceivably predispose patients to CYA-induced cardiotox- 
icity; however, none of our patients who died had iron 
deposition in the heart, and most patients with aplastic 
anemia who have an acceptable donor are transplanted 
before they have received the 50 or more units of red blood 
cells required to produce hemosiderosis. 

The rationale for using CYA at a dosage of 200 mg/kg is 
based both on prior animal studies and the observation that 
180 mg/kg used alone to prepare patients with acute lym- 
phoblastic leukemia for marrow transplant resulted in a high 
relapse rate.2** However, the extrapolation of animal 
studies to humans is often difficult. In 1958, Pinkel et al 
showed that the effects of chemotherapeutic agents on 
animals and humans were similar when the dose was calcu- 
lated as dose per unit of body surface area, but quite 
dissimilar when calculated per unit of weight. Freireich and 
colleagues subsequently made a quantitative comparison of 
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the toxicity of multiple anticancer agents including CYA in 
the mouse, rat, hamster, dog, monkey, and man. They also 
observed that the toxicities were quite similar between 
species when dose was calculated based on body surface 
area.’ 

We observed an extremely low incidence of CYA cardio- 
toxicity in our pediatric patients. Since children have a 
relatively smaller ratio of weight to body surface area than 
do adults, we hypothesized that the children were actually 
receiving relatively less CYA than the adult patients. Fur- 
thermore, by similar analysis obese patients were likely to be 
overdosed when treated on a mg/kg basis This suspicion was 
confirmed when we calculated the CYA dose based on body 
surface area. Thus, the dose of CYA administered ranged 
from 0.75 mg/m?/d to 2.35 mg/m?/d, and this range was 
due largely to age related difference in body surface area 
(Fig 1). Cardiotoxicity was significantly more likely to occur 
ata CYA dose of 21.55 g/m?/d (Fig 2). However, it did not 
appear that the lower dose compromised the transplant. 
There was no dose-related difference in the rate of engraft- 
ment or survival between the two groups. In this retrospective 
analysis, it can be argued that the lower incidence of 
cardiotoxicity in the younger patients is due to an intrinsic, 
age-related difference in the susceptibility to CYA-induced 
heart damage. However, the data presented cannot address 
that concern since inferences about relative susceptibility to 
drug effects can only be made if the dosing is the same. 

This analysis suggests that cyclophosphamide cardiotoxic- 
ity is dose related and that patients with aplastic anemia, 
SCIDS, and WAS can be effectively prepared for marrow' 
grafting with CYA 1.55 g/m?/d for 4 consecutive doses with 
equivalent likelihood of engraftment and less cyclophospha- 
mide cardiotoxicity. It is likely that a similar change in 
dosing would reduce the incidence of cardiotoxicity in 
patients transplanted for malignancies. 
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Low-Dose Deoxycoformycin in the Treatment of Hairy Cell Leukemia 


By Eric H. Kraut, Bertha A. Bouroncle, and Michael R. Grever 


Ten patients with progressive hairy cell leukemia were 
treated with 2'deoxycoformycin (dCF) by intravenous bolus 
(4 mg/m?) given every other week. All ten patients are 
evaluable for response and nine of the ten patients have 
achieved a complete remission. In addition to clearing of 
hairy cells from the bone marrow, eight patients had 
resolution of their monocytopenia. Seven of the nine 
patients remain in unmaintained remission with a median 
duration of 6.2 months. Two patients have had relapse in 
the bone marrow alone and continue to have normal 


AIRY cell leukemia was first described at the Ohio 
State University by Bouroncle, Wiseman, and Doan in 
1958, as a new hematologic and pathologic entity.! It is a 
chronic form of leukemia usually manifested by splenomega- 
ly, pancytopenia, and the presence in the blood and bone 
marrow of the pathognomonic hairy cell, a mononuclear cell 
with cytoplasmic projections.? Present evidence suggests that 
this is a lymphoproliferative disease that like chronic lym- 
phocytic leukemia originates most frequently in the B lym- 
phocyte line.^? The clinical course is variable with some 
patients remaining asymptomatic for months to years, while 
others require treatment for symptoms related to hypersple- 
nism, recurrent infection, or bone marrow failure.5" 

The standard treatment for these patients has been sple- 
nectomy. Although splenectomy may improve the hemato- 
logic complications of this disease, it may not prolong 
survival.^*? Moreover, a significant number of patients do 
not respond or relapse after splenectomy. Attempts have 
been made to develop other effective treatment for hairy cell 
leukemia. Low-dose chlorambucil has offered palliation in 
some patients but does not completely reverse the pancytope- 
nia or markedly alter the bone marrow infiltration.'*!! 
Intensive chemotherapy has been used successfully on only a 
few patients, and has been associated with significant mor- 
bidity and mortality. ^" 

Bone marrow transplantation has been accomplished in 
one patient with hairy cell leukemia, '* but the associated risk 
and age limitations make it unfeasible in most patients. 
Several studies of alpha interferon in patients with this 
disease'*'* have demonstrated response rates of 43% to 94% 
with hematologic improvement and clearing of hairy cells 
from the bone marrow. It is too early, however, to determine 
the effect of alpha interferon on survival. 

In 1980, we began a study of the experimental drug 
2'deoxycoformycin (dCF) in patients with lymphoprolifera- 
tive malignancies.? This agent is a potent inhibitor of 
adenosine deaminase, which is an important enzyme in 
purine catabolism. During the course of our early investiga- 
tion, we demonstrated activity of this drug in a patient with 
refractory hairy cell leukemia. Therefore, we initiated a 
specific phase II study of dCF in patients with hairy cell 
leukemia, the results of which are reported here. 


MATERIALS AND METHODS 


In May 1984, we began the study of low-dose dCF 4 mg/m? 
administered intravenously every other week in patients with hairy 
cell leukemia Informed consent approved by the Ohio State Univer- 
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peripheral blood counts. They are being followed without 
treatment. Toxicity was minimal at this low dose with one 
patient having a mild reversible reduction in creatinine 
clearance. Four other patients had reversible neutropenia. 
There were no significant infections associated with treat- 
ment. Low-dose deoxycoformycin administered intrave- 
nously every other week represents an extremely effective 
treatment for hairy cell leukemia. 

e 1986 by Grune & Stratton, Inc. 


sity Human Subjects Review Board was obtained before administra- 
tion of Deoxycoformycin. 2'Deoxycoformycin was obtained from the 
Investigational Drug Branch National Cancer Institute (NCI), 
Bethesda, Md. The eligibility criteria for entrance to the study 
included the following: (1) A confirmed diagnosis of hairy cell 
leukemia on the basis of clinical characteristics and demonstration of 
hairy cells in the peripheral blood and bone marrow examination. (2) 
Progressive disease as demonstrated by anemia (hemoglobin <12 
g/dL, thrombocytopenia platelets <100,000/nL), neutropenia (neu- 
trophils «1,500 uL), and/or leukemia (white blood cell count 
»10,000/uL with more than 50% hairy cells. (3) Patients with 
normal hepatic and renal function with a creatinine clearance 
>50 mL/min. 

Six of our ten patients had been splenectomized However, 
splenectomy was not a requirement before receiving a trial of dCF 
The nonsplenectomized patients had either refused this operation or 
were not considered to be good surgical candidates. Patients received 
dCF at a dose of 4 mg/m? by intravenous bolus injection every other 
week. Patients were carefully monitored for a change in clinical 
status by physical examination and peripheral blood count with a 
differential prior to each treatment. Treatment was modified in the 
face of a significant change in renal function or neutropenia accord- 
ing to the following guidelines. A serum creatinine was determined 
on each patient in the outpatient clinic immediately before each 
treatment If the value had increased by more than 20% over the 
baseline value, the dose was held until a 24-hour urine for creatinine 
clearance was obtained. The drug was administered only when the 
creatinine clearance was 50 mL/min or better. If the white blood cell 
count had decreased below 1,500/uL after drug administration, then 
the drug was held until recovery or bone marrow evaluation demon- 
strated that this reduction was secondary to disease. 

Patients were seen every other week and response assessment was 
made after a minimum of two courses of therapy Criteria for 
response were defined as follows: (1) Complete remission (CR) The 
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absence of hairy cells in the bone marrow aspirate and biopsy with 
restoration of the peripheral blood counts to the following values: 
Hemoglobin >12 g/dL, platelets >100,000/uL, and neutrophils 
>1,500/uL. (2) Partial remission (PR). Absence of hairy cells in the 
peripheral blood and a 50% or greater reduction in the percentage of 
hairy cell infiltration ın the bone marrow biopsy, and improvement 
in peripheral counts as noted under CR. (3) Minor Response (MR): 
Improvement in one or more of the peripheral blood elements as 
defined above, or greater than 50% reduction in circulating hairy 
cells. 

Patients who had obtained a complete remission were followed off 
treatment with duration of response measured from the time that the 
remission was documented. 

Adenosine deaminase assay Determination of the ADA activ- 
ity of the peripheral blood buffy coat preparation was performed 
before and one-half hour following the intravenous administration of 
dCF to document that enzyme inhibition in circulating leukocytes 
occurred in vivo The buffy coat preparation was obtained by 
dextran sedimentation from heparinized blood. The cells were 
washed twice in Seligmann’s balanced salt solution with 1% EDTA, 
resuspended in 5 mmol/L Tris-HCl (pH 7.4) and 0.25 mol/L 
sucrose, and counted. After sonication for 30 seconds, the homo- 
genate was centrifuged at 50,000 x g and 4°C for 30 minutes. 
Supernatant ADA was assayed in triplicate. 

The enzyme assay was carried out in a total volume of 70 uL 
containing 5 mmol/L Tris-HCI (pH 7 4) and 4 mmol/L adenosine 
at 37 °C. Radiolabeled 8-'C-adenosine (ICN Pharmaceuticals, Inc, 
Irvine, Calif), 54m Ci/mmol, was added to the cold substrate to 
detect product conversion. After ten minutes, the assay was termi- 
nated by adding 20 uL of 4 mol/L formic acid and placing the 
sample in an ice bath. A 5-uL aliquot was placed on a cellulose 
acetate thin-layer chromatography plate (Analabs, Inc, North Hav- 
en, Conn) and developed in water for 45 minutes. The addition of 
unlabeled markers (adenosine and inosine) at the origin permitted 
identification of both substrate and product migration bands for 
scraping and subsequent counting in a scintillation count. The ADA 
activity was expressed as micromoles of inosine formed per hour per 
10$ leukocytes. 

Since there was a variable percentage of circulating hairy cells 
present in the peripheral blood of each patient, an ADA assay was 
also performed on a mononuclear cell preparation of the peripheral 
blood beforé dCF administration to provide an estimate of the 
enzyme activity 1n a preparation enriched for the hairy cells The 
mononuclear cell pereparation was obtained from heparinized 
peripheral blood subjected to a Ficoll-hypaque (Pharmacia, Piscata- 
way, NJ) separation The cells were washed with Seligmann’s 
balanced salt solution with 1% EDTA, resuspended in 5 mmol/L 
Tris-HCI (pH 74) and 0.25 mol/L sucrose, and counted. The 
mononuclear cells were sonicated on ice for 60 seconds. The homo- 
genate was centrifuged at 50,000 x g at 4°C for 30 minutes. 
Supernatant ADA was assayed as previously described. 


RESULTS 


The characteristics of the ten patients are shown in Table 
1. The mean age was 53 years (range 37 to 70) and nine of 
the patients were male. Six of the ten patients had previously 
been splenectomized and the median time to treatment after 
splenectomy was 28 months (range 6 to 67 months). Three 
patients had received chemotherapy in addition to splenecto- 
my, either chlorambucil or 6 mercaptopurine. None of the 
patients were treated with interferon. The initial peripheral 
blood counts prior to treatment are demonstrated in Table 2. 
Five patients were granulocytopenic, seven patients were 
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Table 1. Patient Characteristics 
Patrent Prior Prior 

No Sex/Age Splenectomy Chemotherapy 
1 M/51 + = 
2 M/42 + Leukeran 
3 M/62 — — 
4 M/37 + Leukeran 
5 M/70 — — 
6 M/42 + — 
7 M/42 — = 
8 F/65 + 6 MP 
9 M/59 + m 

10 M/58 — — 





Abbreviation. 6MP, 6 mercaptopurine. 


anemic, and seven patients were thrombocytopenic. All 
patients had hypercellular bone marrow biopsies with diffuse 
infiltration with hairy cells. 

All ten patients are evaluable for response and toxicity. 
Nine of the ten patients have obtained a documented com- 
plete remission demonstrated by normalization of blood 
counts (Table 2) as well as clearing of hairy cells from the 
bone marrow. The average number of courses to complete 
remission was six (range 4 to 13). Seven of the nine patients 
that achieved complete remission remain in remission with- 
out maintenance therapy from 1 to 10 months. Two patients 
(Nos. 1 and 3) have had bone marrow relapse only at 12 and 
8 months, respectively. Their peripheral blood counts remain 
normal and they are being followed without treatment until 
deterioration of peripheral blood counts occur. In contrast to 
the difficulty obtaining a bone marrow aspirate before 
treatment with dCF, eight of nine patients achieving a 
complete remission were able to be aspirated. In addition, 
eight patients who were severely monocytopenic prior to 
treatment («100 monocytes/uL) had a demonstrable 
increase 1n the peripheral blood monocyte counts (250 to 
1,080 monocytes/uL). 

One of the patients who entered into complete remission 
had been the first patient entered on protocol and his course 
was quite instructive. He had originally reached a partial 
remission after only two doses of dCF. Further treatment 
was held when his creatinine clearance dropped from 55 to 
43 cc/min, although this later returned to baseline level. He 
was followed off therapy for 9 months until there was 
evidence of disease progression. His therapy was restarted at 
75% of the initial dose to avoid renal toxicity. He tolerated 
the dCF reasonably well and obtained a complete remission 
after 12 doses of dCF. 

The only patient who has not achieved complete remission 
status started out with a high peripheral white blood cell 
count of 159,000/uL, consisting of predominantly hairy cells 
and has slowly responded with reduction in the peripheral 
blood count to 20,000. 

Toxicity with this low-dose regimen was mild. Most 
patients reported mild to moderate nausea lasting for less 
than 24 hours controlled by antiemetics. Only one patient 
had a reversible reduction in creatinine clearance. Four 
patients had therapy temporarily held due to reversible 
neutropenia. One patient developed an inflammation of 
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Table 2. Hematologic Values and Response in Patients with Hairy Cell Leukemia 














Birano Before Deoxycoformycin After Deoxycoformycin 

Patent of Response Harry Cells Neutrophils Hgb Platelets Harry Cells Neutrophils Hgb Platelets 
No Response (mo) WBC 10°/pL (%) (%) (g/d.) — 10/4L WBC 10°/pL (06) (96) (g/&)  10°/aL 
1 CR 12 156 72 24 125 2660 83 o 68 153 3300 
2 CR 10+ 16 3 65 21 115 1860 57 0 86 14 1 3140 
3 CR 8 1.6 45 12 136 930 57 o 92 15.1 1190 
4 CR 7+ 252 90 1 123 1000 64 0 82 165 3520 
5 CR 35 15 4 20 105 340 42 o 74 132 2370 
6 CR 4+ 2.9 10 14 78 670 104 0 90 144 5230 
7 CR 6+ 10 89 1 84 940 62 o 86 150 196 0 
8 IMP — 159.0 92 2 152 141.0 206 61 31 166 2920 
9 CR 34 237 98 2 112 1100 80 o 64 131 274.0 
10 CR 1+ 11 4 16 99 900 41 0 82 128 1830 





Abbreviations: CR, complete remission; IMP, improvement. 


multiple solar dermatosis. This resolved when the drug was 
held, and the patient had no further problems. No significant 
infectious complications developed related to dCF treatment. 
One patient who had been hospitalized several times for 
treatment of infection secondary to an eosophageal fistula 
and neutropenia developed pneumonia 2 weeks after dCF 
was initiated. This resolved on antibiotics and appeared to be 
a complication of his underlying problem and not secondary 
to the drug. One patient developed a fever within 24 hours 
after receiving the drug, and it resolved within 48 hours. 

Adenosine deaminase activity was measured on buffy-coat 
preparations and peripheral blood mononuclear cell prepara- 
tions when cell numbers allowed. Values differed signifi- 
cantly between the buffy-coat and the mononuclear cell 
preparation in each individual, and there was also a wide 
range of values among individuals (Table 3). Significant 
inhibition of ADA activity was achieved in all but one patient 
during the first course of therapy, but in subsequent courses 
inhibition was achieved in this patient. There was no correla- 
tion between ADA values and response to therapy or time to 
response. 


DISCUSSION 


Our results demonstrate that low-dose dCF is a highly 
effective treatment for patients with hairy cell leukemia. 
Nine of ten evaluable patients have obtained a complete 
hematologic remission with minimal toxicity. Although our 
study involves a limited number of patients, the response rate 
of 90% is equal to the best results achieved with alpha 
interferon.'*'® Complete remissions in this disease following 
treatment with dCF have also been reported by two other 


Table 3. Adenosine Deaminase Activity (ADA) 








Peripheral Blood Peripheral Blood Peripheral Blood 





Patient Buffy-Coat Preparation Buffy-Coat Mononuclear Cell 
No Before dCF After dCF Preparation 

1 4.3 ND 1.7 
2 11.8 0.9 ND 

4 2.6 05 10.4 
5 7.1 0 125 
6 5.7 0 12.4 
8 0.1 0 ND 





Adenosine deaminase activity was determined as described in Materi- 
als and Methods. ADA activity is expressed as 107? umol inosine formed 
each hour per 10° cells. 


groups using this drug with a slightly different dose and 
schedule.?'7^ Complete remissions were associated with 
clearing of hairy cells from the peripheral blood and bone 
marrow, clearance of bone marrow fibrosis, and ability to 
aspirate marrow. We also observed reversal of the severe 
monocytopenia characteristic of hairy cell leukemia. 

Seven of the nine patients remain in unmaintained remis- 
sion for up to 10 months. Two patients have had early relapse 
with recurrence of hairy cells in the bone marrow but no 
change in their peripheral blood counts. Since they are doing 
well clinically, they are being followed carefully without 
treatment until further evidence of disease progression 
occurs. This decision was based on experience obtained from 
studies on the natural history of this disease^"* which 
suggests that disease progression may be slow and normal- 
ization of peripheral blood counts may be sufficient to 
prolong survival. Furthermore our experience with one 
patient who initially progressed off therapy and then subse- 
quently responded to reinstitution of dCF suggests that 
patients can be successfully retreated. Whether drug resis- 
tance will develop in patients awaits further testing. 

In the earlier phase I clinical trials when patients were 
treated with higher doses of dCF, prohibitive renal, neuro- 
logic, and ocular toxicities were noted. We have recently 
reported that low doses of dCF (4 mg/ m?) administered to a 
large number of patients with chronic lymphocytic leukemia 
were well tolerated. In both studies complications have 
been minimal with low-dose dCF. In fact, in our group of 
patients with hairy cell leukemia who were at high risk of 
infection due to neutropenia and monocytopenia, there was 
no apparent increase in infections observed. 

This study was originally initiated because dCF had shown 
activity in heavily treated patients with chronic lymphocytic 
leukemia and other lymphoproliferative malignancies. 9" 
However, the exquisite sensitivity of hairy cell leukemia to 
the drug was unexpected. It has been suggested that the 
toxicity of dCF to normal as well as malignant lymphocytes 
can be explained by depletion of cellular nicotinamide- 
adenine dinucleotide (NAD) and subsequently adenosine 
triphosphate.” Evaluation of nucleotide pools and NAD in 
vivo following administration of dCF is currently being 
explored. The exact mechanism of tumor cell cytotoxicity, 
however, remains unknown 

Since the description of hairy cell leukemia in 1958, the 
recommended management has been conservative with 
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splenectomy being the treatment of choice in patients with 
progressive disease. Chemotherapy was infrequently used 
due to low response rates and significant toxicity. The 
success of dCF in our patients with progressive hairy cell 
leukemia including four who had not been splenectomized 
suggests that it also should be used in the nonsplenectomized 
patient regardless of spleen size. With the demonstration 
that two active agents exist for the treatment of hairy cell 
leukemia, the management of these patients needs reevalua- 
tion. Both alpha interferon and dCF offer significant pallia- 
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tion for this disease. Several multigroup studies are now 
underway to evaluate which of these agents is most appropri- 
ate for both the nonsplenectomized and splenectomized 
patients with progressive disease. 


ACKNOWLEDGMENT 


We thank Dr Robert Wall of the Department of Medicine, Ohio 
State University, for the inclusion of his patient. Also thanks to Joy 
Rubin and Penny Harker for technical assistance and secretarial 
assistance to Beverly Hildebrand 


REFERENCES 


1. Bouroncle BA, Wiseman BK, Doan CA: Leukemic reticuloen- 
dotheliosis. Blood 13:609, 1958 

2. Bouroncle BA. Leukemic reticuloendotheliosis, hairy cell leu- 
kemia Blood 53:412, 1979 

3 Catovsky D: Hairy cell leukemia and prolymphocytic leuke- 
mia. Clin Hematol 6:245, 1977 

4. Jansen J, Schuit HRE, Van Awit THL, Meizer LM, Hijmans 
W: Hairy cell leukemia, a B lymphocyte disorder. Br J Haematol 
42:21, 1979 

5. Jansen J, der Ottolander GJ, Schuit HR, Waayer JLM, 
Hijmans W: Hairy cell leukemia, its place among the chronic B cell 
leukemias. Semin Oncol 11:386, 1984 

6. Jansen J, den Ottolander GJ, Holdrinet RSG, Tricot GJK, 
Hermans J: Prognosis and therapy in hairy cell leukemia. Semin 
Oncol 11:472, 1984 

7. Golomb HM, Catovsky D, Golde DW: Hairy cell leukemia, a 
five-year update on seventy-one patients. Ann Int Med 99:485, 
1983 

8 Jansen J, Hermans J: Splenectomy in hairy cell leukemia. 
Cancer 47:2066, 1981 

9. Mintz V, Golomb HM: Splenectomy as initial therapy in 
twenty-six patients with leukemic reticuloendotheliosis. Cancer Res 
39:2366, 1979 

10. Golomb HM, Mintz V: Treatment of hairy cell leukemia II, 
chlorambucil therapy in post splenectomy patients with progressive 
disease. Blood 54:305, 1979 

11. Golomb HM. Progress reports on chlorumbucil therapy in 
post splenectomy patients with progressive hairy cell leukemia. 
Blood 57:464, 1981 

12. Calvo F, Castachme S, Signaux F, Martoy M, Degos L, 
Bouron M, Flandrin G: Intensive chemotherapy of hairy cell leuke- 
mia in patients with aggressive disease. Blood 65:115, 1985 

13. Stewart DJ, Benjamin RS, McCredie KB, Murphy S, Keat- 
ing M: The effectiveness of rubidazone in hairy cell leukemia. Blood 
54:298, 1979 

14. Cheever MA, Fefer A, Greenberg PD, Applebaum F, Armi- 
tage JO, Buckner CD, Sale GE, Storb R, Witherspoon RP, Thomas 
ED: Treatment of hairy cell leukemia with chemoradiotherapy and 
identical twin bone marrow transplantation N Engl J Med 307:471, 
1982 

15. Ratain MJ, Golomb HM, Vardiman JW, Vokes EL, Jacobs 
RH, Daly K: Treatment of hairy cell leukemia with recombinant 
alpha 2 interferon. Blood 65:644, 1985 


16. Quesada JP, Reuben J, Manning JT, Hersh EM, Gutterman 
JV- Induction of remission in hairy cell leukemia with alpha 
interferon. N Engl J Med 310:15, 1984 

17. Jacobs AD, Champlin RE, Golde DW- Recombinant a-2 
interferon for hairy cell leukemia. Blood 65:1017, 1985 

18. Foon KA, Maluish AE, Abrams PG, Wrightington S, Steven- 
son HC, Alarif A, Fer MF, Overton WR, Poole M, Schnipper EF, 
Jaffe ES, Herberman RB: Recombinant leukocyte A interferon 
therapy for advanced hairy cell leukemia. Am J Med 80:351, 1986 

19. Grever MR, Leiby JM, Kraut EH, Wilson HW, Neidhart 
JA, Wall RL, Balcerzak SP: Low dose deoxycoformycin in lymphoid 
malignancy. J Clin Oncol 3:1196, 1985 

20. Grever MR, Siaw MFE, Jacob WF, Neidhart JA, Miser JS, 
Coleman MS, Hutton JJ, Balcerzak SB: The biochemical and 
clinical consequences of 2'-deoxycoformycin in refractory lympho- 
proliferative malignancy. Blood 57:406, 1981 

21. Spiers AS, Parekh SJ, Ramnes CR, Cassileth PA, Oken MM. 
Hairy cell leukemia: Pentostatin 1s effective both as initial treatment 
and after failure of splenectomy and alpha interferon. Am Soc Hem 
66:718, 1985 (abstr) 

22. Johnston JB, Glazer RI, Israels LG: 2'Deoxycoformycin, an 
effective treatment for hairy cell leukemia Am Soc Clin Onc 
4:652-C, 1985 (abstr) 

23. Johnston JB, Eisenhauer E, Barr R, Feldman L, Maksymiuk 
A, Scott G, Sutton D, Venner P, Walde D: 2'Deoxycoformycin 
(dCF) 1n hairy-cell leukemia (HCL). A Canadian Phase II Trial 
Proceedings of ASCO 5:159, 19896 

24 Spiers ASD, De Conti RC, Parekh SJ, Ramnes CR, Oken 
MM, Eastern Cooperative Oncology Group. Hairy cell leukemia 
(HCL): Pentostatin (dCF, 2'Deoxycoformycin) as primary therapy, 
and after failure of splenectomy and alpha interferon (IFN). Pro- 
ceedings of ASCO 5:151, 1986 

25. Poplack DG, Sallan SE, Rivera G, Holcenberg J, Murphy 
SB, Blatt J, Lipton JM, Venner P, Glausiger DL, Ungerleider R, 
Johns D. Phase I study of deoxycoformycin in acute lymphoblastic 
leukemia. Cancer Res 41:3343, 1981 

26. Grever MR, Wilson HE, Kraut EH, Neidhart JA, Balcerzak 
SP: Deoxycoformycin in the treatment of refractory chronic lympho- 
cytic leukemia. Proc Am Soc Clin Oncol C-605, 1981 (abstr) 

27 Seto S, Carrera CJ, Kubota M, Wasson DB, Carson DA. 
Mechanism of deoxyadenosine and 2-chlorodeoxyadenosine toxicity 
to non-dividing human lymphocytes J Clin Invest 75:377, 1985 


Frequent and Extensive Deletion During the 9,22 Translocation in CML 


By Daniel W. Popenoe, Kim Schaefer-Rego, J. Gregory Mears, Arthur Bank, and David Leibowitz 


Chromosomal translocation is one mechanism by which 
cellular oncogenes may be activated during tumorigenesis. 
The translocation of the ab/ oncogene to the Philadelphia 
chromosome in chronic myelogenous leukemia (CML) 
results in a new RNA transcript that fuses sequence from 
chromosome 22 to sequence from the abl oncogene. This 
RNA presumably codes for a new abi-related protein prod- 
uct found in CML, the activity of which is different from the 
normal ab! protein. The molecular structure of the translo- 
cation varies from patient to patient, and the individual 


HE Philadelphia (Ph) chromosome in chronic 
myelogenous leukemia (CML) was the first human 
chromosomal abnormality consistently associated with a 
malignancy.'? The 9,22 translocation which creates the Ph 
chromosome moves the ab/ oncogene from chromosome 9 to 
chromosome 22. The extent of the normal cellular abl (c-ab/) 
gene has not yet been defined, but the regions on chromo- 
some 9 which are homologous to the transforming gene of the 
Abelson murine leukemia virus (v-ab/) have been identi- 
fied.” The breakpoint on chromosome 9 is sometimes found 
4 to 6 kilobases (kb) 5' to this v-ab/ homologous region, but is 
most often much further 57 The minimum amount of abl 
sequence from chromosome 9 which must move to chromo- 
some 22 to generate a productive Ph chromosome is not yet 
known. In the cases thus far examined, the portions of c-ab/ 
that are homologous to the viral gene always translocate to 
the Ph chromosome. In contrast to thc wide variation in the 
chromosome 9 breakpoint location, reports to date have 
suggested that the breakpoints on chromosome 22 occur 
within a region of approximately 6 kb, the breakpoint cluster 
region (bcr).' 

The normal abl gene produces two RNA transcripts 
approximately 6 and 7 kb in size, and a protein with a 
molecular weight of 145 kilodaltons (kd).P After the abl 
gene is translocated to the Ph chromosome, a new 9 kb 
abl-related RNA species is produced." This new RNA 
begins in the chromosome 22 sequence and continues across 
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Fig 1. Schematic representation of the 9,22 translocation 
products and the production of the Ph chromosome. (A) Normal 
chromosome 9. The dashed line indicates the chromosomal break- 
point. The v-abl homologous region of the abi oncogene is 
indicated on chromosome 9. The breakpoint location on chromo- 
some 9 is variable; in this example it is located 5' to the region 
homologous to the v-ab/ gene. (B) Normal chromosome 22. The 
breakpoint location on chromosome 22 is within the bcr. (C) The 
Ph chromosome. The 5' portion of the Ph chromosome comes from 
chromosome 22, the 3' portion comes from chromosome 9. (D) 
Generation of the 9q+ chromosome. The 5' portion of the 9q+ 
chromosome is from chromosome 9, the 3' portion from chromo- 
some 22. 
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variation in RNA transcript and protein product remains to 
be defined. This report describes the frequent occurrence 
of chromosomal deletion within the 9q+ chromosome 
during these translocations. The location of the deletions 
suggests that some mechanism maintains the chromo- 
somal breakpoint on the Philadelphia chromosome within a 
limited region. These deletions complicate the interpreta- 
tion of Southern blots as a means of detecting the translo- 
cation. 

© 1986 by Grune & Stratton, Inc. 


the translocation junction into the abl sequence. "^ This 
newly created fusion gene of chromosome 22 and chromo- 
some 9-abl sequence presumably codes for a new protein 
found in CML with a molecular weight of 210 kd." The 
protein kinase activity of this new protein has been reported 
to differ from that of the normal ab! protein.” 

The four chromosomes present before and after the trans- 
location are diagrammed in Fig 1. It is possible to detect the 
breakage and reunion of the chromosomes by using DNA 
fragments from either chromosome 9 or chromosome 22 as 
probes to detect novel restriction fragments that span the 
translocation junction point. 

The present study employed two probes from the ber to 
localize the chromosome 22 breakpoints in CML patients. In 
this analysis, we demonstrate that deletion of chromosome 22 
sequence occurs frequently during this translocation. How- 
ever, even in the presence of these deletions, the 3’ end of the 
chromosome 22 portion of the Ph chromosome always termi- 
nates within the bcr, suggesting that there is some vital 
sequence located near the 5' end of the bcr. In addition, the 
frequent occurrence of deletion in this area means that 3' ber 
probes will not identify the rearrangement in certain 
patients. To consistently identify the 9,22 translocation will 
at least require the use of a probe from the 5' portion of the 
ber. 


MATERIALS AND METHODS 


DNA was isolated from the peripheral white blood cells of CML 
patients using methods that have previously been described." All the 
patients described in this study had a karyotype determined, and all 
patients had both Ph and 9q+ chromosomes. Some patients had 
additional chromosomal abnormalities. It was essential to obtain a 








From the Department of Medicine, the Department of Genetics 
and Development, and the Comprehensive Cancer Center, College 
of Physicians and Surgeons, Columbia University, New Vork. 

Supported by grants from the National Institutes of Health. 
DWP is supported by AM-07373; KS-R and JGM are supported by 
CA-37193; AB is supported by AM-25274; and DL is supported by 
a National Cancer Institute-Clinical Investigator Award, CA- 
00968. 

Submitted Dec 18, 1985; accepted June 7, 1986. 

Address reprint requests to Dr David Leibowitz, Columbia 
University, Hammer Health Sciences Center. Rm 1602, 701 West 
168th St, New York, NY 10032. 

€: 1986 by Grune & Stratton, Inc. 

0006-497 1/86/6805-0023$03.00/0 


1123 


1124 


Fig 2. 


POPENOE ET AL 





(A) The 9q+ chromosome junction clone from FP, a CML patient’ is at the top. The 5' end of the junction clone, shown in A, is 


sequence from chromosome 9, the 3' end is chromosome 22 sequence. (B) A map of chromosome 22 derived from reference 7 and work in 
this laboratory. The Bgl fl fragment of the clone in A was used to screen a normal human recombinant library to generate chromosome 22 
clones and the fragments identified in C were used as probes. (C) Fragments of chromosome 22 used as probes. The Hind Itt/Eco RI 
fragment, #1, is referred to as the 5' probe. The Bgl Il fragment, 42, is the 3' probe. The vertica! arrows indicate the ber as defined in 
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fragment of chromosome 22 to analyze the patients’ breakpoints. 
Restriction mapping of the patient FP, described in an earlier 
publication, had shown that the 9q+ chromosome translocation 
junction point was contained within a 5.0 kb Hind II fragment (Fig 
2). A recombinant DNA library was constructed in the phage vector 
charon 21a, and approximately 1 x 105 phage were screened using a 
Hind HI-Eco RI fragment of chromosome 9 located just 5' of the 
v-abl homologous region.’ The 5 kb Hind III fragment containing 
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Fig 3. Restriction analysis of the 9q+ chromosome from 


patient TH (from reference 5). (A) The top line is a map of 
chromosome 9, the region labelled abl indicates the 5' end of the 
v-abl homologous region; the solid black bar above the restriction 
map indicates a fragment of chromosome 9 used as a probe on 
Southern blots. The lines labelled Bam HI, Kpn I, Xba I, and Bgl il 
depict the abnormal restriction fragments identified on Southern 
blots by the chromosome 9 probe when DNA from patient TH is 
digested with the respective enzymes. The sizes of the abnormal 
fragments are Bam HI, 24 kb; Kpn I, 5.4 kb; Xba I, 15 kb; Bgl Il, 4.4 
kb. These new restriction fragments are from the 9q-- chromo- 
some. The thin black line indicates the portion of the fragment that 
is from chromosome 9, the hatched portion of the line represents 
the fragment derived from chromosome 22. (B) Restriction map 
of the 9q+ chromosome based upon the restriction data from A. 
The chromosome 9 probe localizes the breakpoint on chromosome 
9. The size of the abnormal restriction fragments is known from 
Southern blots. The known restriction map of normal chromosome 
22 in C, together with these restriction data make it possible to 
generate the restriction map of the chromosome 22 portion of the 
9q+ chromosome. (C) The vertical dashed line indicates the 
chromosomal breakpoint. The alignment of the 9q-- chromosome 
with the normal chromosome 22 map indicates that the portion of 
chromosome 22 that became part of the 9q+ chromosome termi- 
nated roughly 8 to 10 kb 3’ of the bcr (shown by the vertical arrows 
below C at Bgl li sites). This chromosome 22 breakpoint which 
joins the 9q-- chromosome will be referred to as the 9q + -22-bkpt. 
The letters indicate restriction sites for the enzymes Bam HI, Kpn 
I, Xba 1, Bgl fl, and Eco Ri. 


the translocation junction was isolated and subcloned into the 
bacteriophage pSP64 (Promega Biotech, Madison, Wis). The Bgl H 
fragment of this clone (probe 2 in Fig 2) was then used to screen a 
normal human recombinant library. A clone containing the normal 
4.2 kb Hind IH fragment of chromosome 22 was isolated, and the 1.2 
kb Hind IH-Eco RI fragment (labelled probe | in Fig 2) was 
subcloned from it. These two probes were used to examine Southern 
blots of CML patients. These blots generated the data shown in Figs 
4 and 5, and Tables I and 2. 


RESULTS 


Using a v-ab/ fragment as a probe to screen a normal 
human recombinant library permitted the isolation of human 
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Fig 4. Southern blots of 2 patients and 1 CML cell line probed 
with the more 3' bcr probe, probe 2. In each sample, a normal band 
is seen, indicated by an arrowhead, plus an additional abnormal 
band indicated by an asterisk. This abnormal band represents a 
translocation junction fragment (Figs 1 and 2). Lane 1: patient MK, 
enzyme Hind iH, normal 4.2 kb band, abnormal 6.5 kb band. Lane 2: 
cell line EM2, Xba |, norma: 9.4 kb band, abnormal 8.0 kb band. 
Lane 3: patient FP, Xba I, normal 9.4 kb band, abnormal 5.4 kb 
band. Lane 4: patient FP, Kpn I, normal 20 kb band, abnormal 18 kb 
band. 
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c-abl fragments which were then employed as probes to 
examine Southern blots of CML patients? These probes 
identified two patients whose chromosome 9 breakpoints 
were within 4 to 6 kb of the v-ab/ homologous region.) The 
restriction analysis of the 9q+ chromosome from one of 
these patients, TH, is summarized in Fig 3. The restriction 
map of the 9q+ chromosome from TH provides a linear map 
of the restriction enzyme sites located in chromosome 22 
sequence immediately 3' to the 9,22 junction. By aligning 
these restriction sites with the known restriction map of 
chromosome 22 (Fig 3), these data suggest that the chromo- 
some 22 breakpoint in the 9q + chromosome is not within the 
bcr in patient TH. 

To further localize the chromosome 22 breakpoint in TH, 
and to identify the chromosome 22 breakpoints in other 
CML patients, cloned probes from chromosome 22 were 
used. The probes labelled | and 2 in Fig 2 were used to 
examine Southern blots of 14 CML patients and 1 CML cell 
line (Table 1). Representative lanes from these Southern 
blots are shown in Figs 4 and 5. The more 3' chromosome 22 
probe, #2 in Figure 2C, identified breakpoints within the ber 
in 6 of our 14 patients. The abnormal restriction bands found 
in the two CML patients and the CML cell line shown in Fig 
4 indicate that a breakpoint within the bcr is present. This is 
consistent with previously reported data. 

The individual whose Southern blots are shown in Fig 5A 
is the patient TH, whose 9q-- chromosome digests were 
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Fig 5. 
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summarized in Fig 3, and who represents a group of 4 
patients who were initially perplexing. All these patients had 
Ph and 9q+ chromosomes visualized in a karyotype. The 
chromosome 22 probe labelled £1 in Fig 2 identified not only 
the normal but also an additional abnormal restriction band 
(Fig 5A, lanes 3 to 5). These bands are drawn schematically 
in Fig 6. This indicated that the patient had a fragment of 
chromosome 22 that ended within the ber joined to a 
fragment of chromosome 9. Figure 5A, lane 3, shows the 
abnormal 7.1 kb Bgl H band; lane 4, the abnormal 13 kb Kpn 
I band; and lane 5, the abnormal 4.4 kb Bam HI band which 
are shown in Fig 6 aligned with the map of chromosome 22. 
These abnormal restriction bands make it possible to define 
the end of the chromosome 22 fragment that becomes part of 
the Ph chromosome. As shown in Fig 6, chromosome 22 
sequence on the Ph chromosome ends within the bcr for 
patient TH. We will call the end of chromosome 22 which 
joins the Ph chromosome the Ph chromosome/chromosome 
22 breakpoint (Ph-22-bkpt). This data from chromosome 22 
probes contradicted the earlier data summarized in Fig 2 
that indicated that the chromosome 22 breakpoint on the 
9q + chromosome was located at least 8 kb 3' to the ber. The 
simplest explanation for these data is that the chromosome 
22 sequence lying between the Ph-22-bkpt and the 9q+ 
chromosome/chromosome 22 breakpoint (9q-22-bkpt) 
had been deleted during the translocation. This is illustrated 
in Fig 7. 





B 


(A) Southern biots of a single patient, TH, representing the group of patients who showed only normal bands with the more 3 


chromosome 22 probe, but were found to have breakpoints within the bcr when probed with the more 5' chromosome 22 probe. 
Arrowhead indicates normal band; asterisk indicates abnormal band. The lanes are from different gels, so fragment size and distance 
migrated are not comparable from one lane to another. Lanes 1-2: Probe 2, the 3' probe. Lanes 3-5: Probe 1, the 5' probe. Lane 1: Xba! 
digest with normal 9.4 kb band. Lane 2: Eco RI digest with a normal 16.7 kb band. Lane 3: Bg! Il digest, normal 4.9 kb band, abnormal 7.1 kb 
band. Lane 4: Kpn | digest, normal 20 kb band, abnormal 13 kb band. Lane 5: Bam HI digest, normal 3.2 kb band, abnormal 4.4 kb band. The 3 
abnormal bands are illustrated in Fig 6. (B) Southern blots of a second patient, ES, who also had a bcr breakpoint when probed with probe 
1, but showed only normal bands when probed with probe 2. Lane 1: probe 2, Eco RI, normal 16.7 kb band. Lane 2: probe 2, Xba |, normal 9.4 
kb band. Lane 3: probe 2, Kpn I, normal 20 kb band. Lane 4: probe 1, Bgl Il, normal 4.9 kb band, abnormal 8.0 kb band. Lane 5: probe 1, Eco 


RI, normal 17.1 kb band, abnormai 7 kb band. 
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Fig 6. Ph chromosome translocation for the patient TH. Line 
1: Map of normal chromosome 9. Solid black region represents the 
5' end of the region homologous to v-abl. Vertical dashed line 
represents location of chromosome break. Line 2: Map of normal 
chromosome 22. Vertical arrows below the line indicate the 
extent of the bcr. Horizontal lines labelled 1 and 2 represent 
chromosome 22 fragments used as probes. Line 3: Map of the Ph 
chromosome for patient TH. Hatched region is sequence from 
chromosome 22, solid line is from chromosome 9. The location of 
the chromosome 22 breakage which joined the Ph chromosome 
(Ph-22-bkpt) was determined by the appearance of abnormal 
restriction bands in Southern blots of DNA from patient TH. The 
probe for these blots was probe 1, and the abnormal bands are 
indicated below Line 3. The restriction enzyme that generated 
each new band is shown to the left of the band. The 5' portion of 
each fragment is from chromosome 22, as is indicated by the 
hatched line; the 3' portion is from chromosome 9, as indicated by 
the solid line. Three of these abnormal bands are seen in the blots 
in Fig 5A: Lane 5, Bam HI, 4.4 kb abnormal fragment; Lane 3, Bgl il, 
7.1 kb abnormal fragment; Lane 4, Kpn I, 13 kb abnormal fragment. 
The length of the Kpn fragment has varied Slightly on different 
Southern blots. 


This conclusion was supported by the finding that probe 2 
in Fig 2 identified only normal bands on Southern blots of the 
patient TH. Since the data summarized in Fig 6 indicated 
that the Ph-22-bkpt in patient TH was adjacent to probe 1, it 
would have been expected that in the absence of deletion 
probe 2 would identify the 9q-- chromosome fragments. In 
fact, probe 2 identified only normal restriction bands on 
Southern blots of the patient TH (Fig 5A, lanes ] and 2). 
This implies that probe 2 sequence was not present in the 
9q+ or Ph chromosome. The restriction data on the 9q4- 
chromosome generated by the chromosome 9 probe indicate 
that the 9q 4- -22-bkpt is located roughly 8 kb 3' to the bcr. As 
shown in Fig 7, taken together, these data indicate that a 
region of chromosome 22 extending from probe | to the 
9q+-22-bkpt is lost during the translocation. This deleted 
fragment is 8 to 10 kb. 

Similar results are shown for another patient in Fig 5B. 
The more 5’ ber probe clearly identifies a breakpoint within 
the ber, whereas the 3’ probe detects only normal restriction 
fragments. This again implies that a portion of chromosome 
22 located on the 3’ side of the Ph-22-bkpt was deleted during 
the translocation. This pattern was seen in two additional 
patients. 

There is an additional group of four patients who show 
only normal restriction fragments with both chromosome 22 
probes. When probes from further 5' on chromosome 22 are 
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Fig 7. Diagram of deletion during the 9,22 translocation in 


patient TH. Lines 1 and 2 are as seen in Fig 6. The vertical dashed 
line indicates the point of chromosome breakage for the creation 
of the Ph chromosome, as shown in Fig 6. Line 4 is the restriction 
map for the 9q+ chromosome in TH, as illustrated in Fig 3. Line 3: 
illustrates the region of chromosome 22 that was lost during this 
translocation. The deleted region includes that represented by 
probe 2. Since probe 2 sequence is not present in the 9q+ 
chromosome, Southern blots with probe 2 will show only normal 
restriction fragments, as shown for patient TH in Fig 5A, lanes 
1-2, and for a second similar patient in 5B. 


available it will be possible to determine whether these 
patients also have a Ph-22-bkpt with a 3' deletion. Though 
not previously observed, it is also possible that these patients 
have breakpoints outside the bcr. The results for the entire 
group of patients are presented in Table | and summarized in 
Table 2. 


DISCUSSION 


We have documented variable deletions occurring in the 
region of chromosome 22 that becomes part of the 9q + 
chromosome. These data are consistent with the hypothesis 
that the physiologically significant chromosome in CML is 
the Ph chromosome, and that it is not crucial to conserve the 
breakpoint region that becomes part of the 9q + chromosome 
in the 3’ portion of chromosome 22. In contrast, since the new 
abl transcript and protein originate from the Ph chromo- 
some, it appears vital to connect the portion of chromosome 9 
carrying the ab/ locus to chromosome 22 at a breakpoint that 
preserves a specific chromosome 22 region extending 5' from 
within the bcr. Our results also indicate that most of the 
patients have a 5' chromosome 22 break that lies within the 
ber despite deletions of more 3’ chromosome 22 sequence. 
We have observed only a few CML. patients whose Ph- 
22-bkpts may be outside the ber. It will be important to 
determine the precise breakpoint in these individuals, and 
whether they generate abnormal ab/ RNA transcripts and 
proteins. 

There are several possible explanations for the consistent 
generation of the Ph chromosome and its translocation in 
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Table 1. Probe 1(b' Probe) and Probe 2 (3' Probe) 















































Probe 1 
Bgl Il Kpn! Bam HI Eco RI Xba I 
Abnormal fragments identified with the 3’ bcr probe 
MK (see data for probe 2) 
EM2 (see data for probe 2) 
FP (see data for probe 2) 
MP (see data for probe 2) 
GP (see data for probe 2) 
DA (see data for probe 2) 
Normal fragments with the 3’ probe/abnormal with the 5’ probe 
TH 4.9/7 1* 20/13* 3.2/4 4* 
ES 4.9/8.0* 17.1/7* 
Co 49 3.2/7* 17.1/27* 
Bn 4.9/8.4* 
Normal fragments with 3' and 5' probes 
St 49 3.2 
HO 49 
CD 4.9 17.1 9.4 
Li 4.9 17.1 9.4 
Probe 2 
Hind ili Xbal Kpnl Eco RI Bam Hi 
Abnorrnal fragments identified with the 3' bcr probe 
MK 4.2/6 5* 9.4/3.8* 3.2/2 5/19* 
EM2 9.4/8 0* 
FP 9.4/5.4* 20/18* 
MP 4 2/3.6* 3.2/2 5/1.9* 
GP 20/18* 3 2/2 5/2.8* 
DA 9.4/12.2* 20/12.5* 
Normal fragments with the 3' probe/abnormal with the 5’ probe 
TH 4.2 9.4 167 
ES 9.4 20 16.7 3.2/2.5 
Co 3 2/2.5 
Bn 42 9.4 20 3.2/2.5 
Normal fragments with the 3' and 5' probe 
St 4.2 3 2/2.5 
HO .9.4 20 16.7 
CD 9.4 20 167 3.2/2 5 
Li 16.7 





Numbers indicate size in kb for the fragments seen on Southern blots with the indicated enzymes and probes These patients are summarized in 


Table 2. 
*The band is abnormal. 


CML. It is possible that the 9,22 translocation is one of many 
chromosomal translocations that occur at random in human 
cells, or 1s one that is favored by the environment of early 
hematopoietic precursors. The environment established by 
previous changes within the abnormal hematopoietic stem 
cell might provide a selective advantage so that a clone of 
cells with this translocation enlarges and results in the 


Table 2. Restriction Fragments Seen in Southern Blots of CML 
Patients Probed With Chromosome 22 Probes 








Patients with abnormal fragments identified with the 3’ ber 


probe 6 
Normal fragments with 3' probe/abnormal with 5' probe 4 
Normal fragments with 3' and 5' probes 4* 





*Some of these patients may have 5’ breakpoints within the bcr that 
will become apparent with more 5’ chromosome 22 probes. 


leukemia. There may be earlier events, and also perhaps 
subsequent events, in addition to the formation of the Ph 
chromosome, that are required for the appearance of the 
phenotype that we recognize as CML.'*” The question is to 
determine how these other events relate to the 9,22 transloca- 
tion. Our data suggesting that translocation of the abl locus 
to a point within the bcr is crucial for the appearance of the 
CML phenotype emphasizes the potential etiologic role of 
this event. A role of the bcr in this translocation is also 
supported by observations that a DNAase I hypersensitive 
site is present 5' to the bcr in the CML-derived cell line K562 
(Mears JG, submitted). Taken together, the results support 
the hypothesis that in the formation of the Ph chromosome 
abl must to be translocated to a specific transcriptionally 
active region of chromosome 22. Further investigation of the 
precise molecular changes occurring during this transloca- 
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tion should provide additional insight into the involvement of 
the abl gene in the generation of this leukemia. 

We have shown that deletion is a frequent occurrence 
during the 9,22 translocation that creates the Ph chromo- 
some in CML. Despite the loss of as much as 8 to 10 kb of 
chromosome 22 sequence in the case that is best character- 
ized, some mechanism has operated to maintain the Ph- 
22-bkpt within the bcr. To date, karyotype analysis has been 
the method used to detect the 9,22 translocation. There are 
situations in which this method is inadequate, as when the 
patient sample does not provide interpretable metaphases. 
There are also three reported cases in which a 9,22 transloca- 
tion was documented by Southern blotting even in the 
absence of an identifiable Ph chromosome.” In these 
situations, it would be advantageous to use Southern blotting 
rather than karyotype analysis to identify the translocation. 
The frequent occurrence of deletion during this translocation 
complicates the interpretation of such restriction analysis. 


POPENOE ET AL 


From our data, a probe from the 3' portion of the bcr is 
inadequate in a significant number of patients. The most 
desirable probe for detecting the rearrangement would be a 
chromosome 22 fragment located 5' of all Ph chromosome 
breakpoints. If all patients have a chromosome 22 breakpoint 
within the 5.8 kb bcr, then a fragment from the 5' end of the 
ber would be an acceptable probe. More data on the location 
of chromosome 22 breakpoints and the extent of deletion in 
patients with a Ph chromosome will be required to determine 
what probe will be most reliable for reproducibly detecting 
the 9,22 translocation. 
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Growth and Development Following Marrow Transplantation for Leukemia 


By Jean E. Sanders, Sheila Pritchard, P. Mahoney, Deborah Amos, C. Dean Buckner, Robert P. Witherspoon, 
H. Joachim Deeg, Kristine C. Doney, Keith M. Sullivan, Frederick R. Appelbaum, Rainer Storb, and E. Donnall Thomas 


One hundred forty-two patients between the ages of 1 and 
17 years who survived disease-free more than 1 year after 
marrow transplantation for hematologic malignancy had 
growth and development evaluations from one to 14 years 
posttransplant (median 4 years). Prior to transplant all 
children received multiagent chemotherapy and 55 also 
received central nervous system irradiation, but none had 
growth and development evaluations. Marrow transplant 
preparation included high-dose chemotherapy and total 
body irradiation (TBI) given as a single dose of 9.2 to 10.0 
Gy (79 patients) or as fractionated doses of 2.0 to 2.25 
Gy/d for six to seven days (63 patients). After transplant 
abnormal thyroid function was present in 39%. Stimulated 
11-desoxycortisol levels were subnormal in 24% of 
patients evaluated. Growth hormone (GH) deficiency was 
present in 17 of 25 children who received previous cranial 


Oo the past 15 years the success of marrow transplan- 
tation for the treatment of children with malignant 
hematologic disorders has increased steadily. The number of 
patients transplanted and the number of long-term survivors 
have increased. Transplant preparative regimens include 
high-dose cyclophosphamide (CY) plus total body irradia- 
tion (TBI).* Among young adults the doses of irradiation 
used in the transplant preparative regimen affect thyroid and 
gonadal function"! Cranial irradiation administered prior 
to marrow transplantation adversely influences growth hor- 
mone production." Glucocorticoid treatment, often given 
for chronic graft-v-host disease (GVHD), also adversely 
influences growth.'*! The development of endocrine abnor- 
malities in children following TBI and marrow transplanta- 
tion is of importance because of the possible influence on 
normal growth and development. Therefore, we evaluated 
endocrine function and long-term effects on growth and 
development in 142 children transplanted for hematologic 
malignancies following preparation with CY and TBI. 


MATERIALS AND METHODS 
Patients 


We reviewed the records of 155 consecutive children given 
marrow transplants in Seattle between 1970 and April 1984 who 
survived in remission more than 1 year after transplantation. Treat- 
ment prior to referral for transplantation varied with referring 
institution and time of original diagnosis. Since height and develop- 
mental information from diagnosis and time points prior to referral 
was infrequently available, the data included in this report begin at 
the time of transplant. Analyses included only patients less than 18 
years of age at the time of transplant. Posttransplant information 
was obtained on 142 of the 155 patients, who form the basis of this 
report. These patients included 52 girls and 90 boys with a median 
age of 10 years (range 1 to 17) at the time of transplantation. The 
time of evaluation was 1 to 14 (median 4) years after transplant 
Fifty-nine patients had acute lymphoblastic leukemia, 55 had acute 
nonlymphoblastic leukemia, 15 had Ph positive chronic myelogenous 
leukemia, 5 had juvenile chronic myelogenous leukemia, 4 had 
preleukemia, and 4 had lymphoma. Nine patients received grafts 
from syngeneic donors, 111 from HLA-identical sibling donors, 21 
from partially HLA-identical family members, and 1 received 
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irradiation. Partial GH deficiency was present in 4 of 25 
who received previous cranial irradiation and in 6 of 18 who 
had not received cranial irradiation. Height velocity was 
decreased in all patients. After transplant, height was 
significantly influenced by chronic graft-v-host disease and 
single-dose TBI. Sixty-eight percent had delayed develop- 
ment of secondary sexual characteristics. Gonadal failure 
occurred in nearly all who were postpubertal at transplant. 
While it is not possible to determine how many of these 
endocrine abnormalities occurred as a result of treatment 
administered prior to transplantation, these data do dem- 
onstrate that children who become long-term survivors 
after marrow transplantation for hematologic malignancy 
have endocrine abnormalities that adversely affect growth 
and development. 

e 1986 by Grune & Stratton, Inc. 


autologous marrow. Prior to referral for transplantation all patients 
had received multiagent chemotherapy, 55 patients had received a 
median exposure of 24.0 (range 18.0 to 29.0) Gy of cranial irradia- 
tion, 5 of these 55 had also received a median exposure of 12.0 (range 
8.0 to 24.0) Gy of spinal irradiation and 9 boys had received a 
median exposure of 20.0 (range 18.0 to 24.0) Gy of testicular 
irradiation. 


Conditioning, Marrow Transplantation, 
and Follow-up Evaluations 


In preparation for marrow transplant, all patients received cyclo- 
phosphamide, 60 mg/kg on each of two consecutive days followed by 
TBI.2?! TBI was delivered from dual opposing Co sources at a dose 
rate of 5.5 to 8 cGy/min measured in air at the midpoint. Seventy- 
nine patients received 9.2 to 10.0 Gy in a single exposure and 63 
patients received a fractionated regimen, of 2 0 to 2 25 Gy/d for six 
to seven days for cumulative doses of 12.0 to 15.75 Gy.” Marrow 
was infused within four hours of completing TBI (day 0). Details of 
the marrow grafting procedure and management of the patients 
after grafting have been described.'* 

Height, weight, and physical examinations were performed on all 
patients at yearly intervals following transplant. Tanner and White- 
house pubertal developmental standards for breast, pubic hair, and 
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genital maturity were used to evaluate secondary sex characteristic 
development among girls and boys who were prepubertal at the time 
of transplant and were now more than 12 and 13 years of age, 
respectively °° Other parameters tested on many included bone 
age, serum thyroid stimulating hormone (TSH), thyroxine (T4), 
follicle stimulating hormone (FSH), luteinizing hormone (LH), 
testosterone, and estradiol In patients not receiving glucocorticoids, 
11-desoxycortisol levels after metapyrone stimulation and growth 
hormone (GH) levels following L-dopa or insulin stimulation were 
measured. Bone age was determined according to the standards of 
Greulich and Pyle ?' All values were related to the patient's age at 
the time studies were performed. Height age and growth velocity 
were calculated for each patient from standard stature curves.” 
Mean height velocity values were plotted on standard velocity 
curves.” Change in height age was determined using the ratio of 
year of height age to year of chronologic age All protocols and 
consent forms were approved by the Human Subjects Review 
Committee of Fred Hutchinson Cancer Research Center. 


Statistical Evaluation 


Univariate comparisons used the Mantel-Haenszel method for 
multidimensional contingency tables.? Multivariate analysis used a 
proportional hazards regression model and included the covariates of 
previous cranial irradiation, TBI regimen, chronic GVHD, sex, and 
age 7*5 The analysis of variance test was used to evaluate height and 
age variables. The assumption of homogeneous variances was tested 
and met." Comparability between treatment groups for height and 
age at the time of transplant was established by examining height, 
age, sex, and history of prior cranial irradiation. Subsequent analy- 
ses examined height and changes in height with respect to the impact 
of cranial irradiation, TBI regimen, and chronic GVHD. 


RESULTS 
Thyroid Function 


Thyroid hormone levels were evaluated in 116 asymptom- 
atic patients on 181 occasions from 1 to 11 years following 
transplant. A total of 45 patients (39%) had abnormal TSH 
and/or T, levels. Decreased thyroid function reserve with 
elevated TSH levels (>6 3 mU/L) and normal T, levels (7.3 
to 15 ug/dL for 1 to 5 years, 6.4 to 13 ug/dL for 6 to 10 
years, 5.6 to 12 ug/dL for 11 to 15 years, 4.5 to 12.5 ug/mdL 
for 216 years) was demonstrated in 18 patients. Thirteen 
patients had normal or elevated TSH levels and low T, levels. 
Six of these 31 receive thyroid hormone supplement. Seven 
patients had normal TSH and elevated T, values and 7 had 
both elevated TSH and T, values. One of these developed a 
thyroid adenoma which was discovered at autopsy 9.5 years 
after transplant. 

The age at transplant for the 45 patients with abnormal 
thyroid function ranged from 2 to 16 (median 8) years. 
Among the evaluated patients, 53% were tested once, 34% 
were tested twice, and 13% were tested on three occasions. 
The percent of patients developing abnormalities each year 
remained relatively constant with increasing time after 
transplant. Multivariate analyses demonstrated no signifi- 
cant correlation of any abnormal thyroid function with 
previous cranial irradiation, single exposure or fractionated 
TBI, presence or absence of chronic GVHD, or patient age or 
sex. 
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Adrenocortical Function 


Plasma 11-desoxycortisol (compound S) levels were mea- 
sured after metyrapone stimulation on 87 occasions in 78 
patients who were 1 to 8 years after transplant and not 
receiving glucocorticoid treatment. Nineteen patients (24%) 
had subnormal 11-desoxycortisol levels (stimulated level 
<5). None of the patients were symptomatic, all had normal 
electrolytes, and none received treatment. 

The patients with subnormal levels were from 2 to 15 years 
of age (median 6 years) and the percent developing abnor- 
malities remained relatively constant with increasing time 
after transplant. Univariate and multivariate analyses did 
not demonstrate a correlation with age, sex, previous cranial 
irradiation, TBI regimen, or chronic GVHD. 


Growth Hormone 


GH levels were determined following L-dopa or insulin 
stimulation on 52 occasions in 43 patients not receiving 
glucocorticoid treatment from 1 to 8 years (median 3) 
following transplant. GH deficiency (values <7 ng/dL) was 
present in 17 of 25 evaluated patients who had received 
pretransplant cranial irradiation. These 17 children were 
from 2 to 13 (median 8) years of age at transplant and their 
ages at initial cranial irradiation ranged from 1 to 12 
(median 5) years. Partial GH deficiency (values >7 to 10 
ng/dL) was present in 10 of 26 children. Four of these 10 had 
received previous cranial irradiation. 


Growth 


Height Figure 1 illustrates height velocity curves. Sub- 
stantial differences were noted between patients with and 
without chronic GVHD. Among those with chronic GVHD, 
growth velocity of 5 patients who did not receive glucocorti- 
coid treatment was not distinguishably different from the 
growth velocity of those who were treated. Catch-up growth 
was not observed after treatment for chronic GVHD was 
stopped. The change in the patient’s height age, expressed as 
a ratio of year of height age to chronological age, continued 
to decrease with increasing number of years posttransplant 
(Fig 2). 

Analyses of variance tests were used to evaluate the 
influence of chronic GVHD, type of TBI received, and 
previous cranial irradiation on linear growth. The time 
periods of <2 years and =3 years after transplant were used 
to evaluate growth with and without the influence of active 
chronic GVHD and/or its treatment. During the first 2 years 
after transplant boys without chronic GVHD grew signifi- 
cantly more (4.7 + 0.32 standard error centimeters [cm] /yr) 
than boys with chronic GVHD (3.4 + 0.32 cm/yr; P < 
0.0001). By 3 or more years after transplant, boys who 
received single exposure TBI were 8.0 + 2.3 cm shorter than 
boys who received fractionated exposure TBI (P < 0.03). 
Cranial irradiation had a significant influence in boys only 
when considered with type of TBI or with chronic GVHD. 
Among boys who had not received cranial irradiation, those 
given fractionated TBI were 15.2 + 3.2 cm taller than those 
given single exposure TBI (P < 0.04). Cranial irradiation 
evaluated with chronic GVHD showed that boys who had 
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Fig 1. Growth velocity in centimeters A 
growth per year of chronologic age for 52 
girls (A) and 90 boys (B) following trans- 
plantation. Solid line illustrates growth 
velocity for 42 girls and 59 boys without 
chronic GVHD. Solid circles represent the 
mean centimeters growth for 2 to 13 (me- 
dian 9) girls and 3 to 19 (median 10) boys at 
each age. Dashed line illustrates the growth 
velocity for 10 girls (A) and 31 boys (B) with 
chronic GVHD. Open circles represent the 
mean centimeters growth for 1 to 3 girls 
and 1 to 9 (median 6) boys at each age. 
Shaded area is the 10th to 90th longitudinal 
whole-year percentiles and is adapted from 
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previous cranial irradiation and chronic GVHD were 21.7 
cm + 3.3 cm shorter than those who did not develop chronic 
GVHD (P « 0.02). Girls showed the same trends, but none 
of the differences were significant. 

Bone age. Bone age, determined for 83 patients on 112 
occasions from 1 to 9 years after transplant, was within 2 
years of the chronologic age and height age for 73 patients, 
18 of whom had chronic GVHD. For 10 patients, bone age 
lagged behind chronologic age more than 2 years but was 
appropriate for height age. Among these 10, 5 had chronic 
GVHD treated with glucocorticoids and one had chronic 
GVHD that was not treated. 


Pubertal Development 


Girls. Thirty-five girls ages 2 to 12 (median 8) years 
were prepubertal at transplant. Currently, 16 of the 35 are 
between 12 and 18 years of age (median 14) and are 
progressing through various stages of pubertal development. 
Figure 3 illustrates their developmental variation from nor- 
mal. Six girls achieved menarche 2.3 to 5.5 years after 
transplant when they were between 12.7 and 14.5 years of 
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Fig 2. Growth rate following transplant expressed as the 
change in height age with increasing number of years following 
total body irradiation. Normal ratio should be 1:00. Solid line 
represents the change in height age for patients without chronic 
GVHD and broken line represents the change in height age for 
patients with chronic GVHD. 
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age. Four of these 6 had received fractionated TBI. Ten girls 
have delayed development of secondary sexual characteris- 
tics. 

Gonadotropin and estradiol levels were determined for 11 
of the 16 girls over the age of 12 years. Four have normal LH, 
FSH, and estradiol levels. Two of these 4 initially had 
elevated LH and FSH determinations which returned to 
normal at 4 to 5 years after transplant. Elevated LH and 
FSH levels, >33 mIU/mL, were noted in 7 girls who also had 
estradiol levels <20 pg/dL and delayed onset of pubertal 
development. 

Boys. Sixty-three boys between the ages of 1 and 13 
(median 8) years were prepubertal at transplant. Thirty-one 
of these boys are currently between 13 and 22 years (median 
16). Figure 4 illustrates their developmental variation from 
normal. Twenty-one have delayed development of secondary 
sexual characteristics. 

Gonadotropin and testosterone levels were determined for 
25 of the 31 developing boys. Three boys with prepubertal 
levels of LH, FSH, and testosterone obtained between 13 and 
14 years of age all had delayed development. Five of 12 with 
normal LH also had normal FSH levels, testosterone levels, 
and developmental scores. Seven of 12 with normal LH levels 
had elevated FSH values and testosterone values were 7-300 
ng/dL in 5 who had normal developmental scores and were 
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Fig 3. Puberta! developmental stages of 16 girls who were 


prepubertal at the time of transplant and are currently between 12 
and 18 years of age. Solid circles represent their stage of develop- 
ment at their current chronologic age. Open bars represent the 
3rd to 97th percentile standards for normal girls. 
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Fig 4. Pubertal developmental stages of 31 boys who were 
prepubertal at the time of transplant and are currently between 13 
and 22 years of age. Solid circles represent their current stage of 
development. Open bars represent the 3rd to 97th percentile 
standards for normal boys.?? 


200 ng/dL in 2 who had delayed developmental scores. 
Elevated LH and FSH levels were present in 10 boys, 4 of 
whom had testosterone levels «100 ng/dL, 3 of whom had 
testosterone levels in the 200 to 300 ng/dL range, and 3 had 
normal testosterone levels. All 10 had delayed development. 


Gonadal Function 


Forty-four patients were past puberty at the time of 
transplant as determined by onset of menarche pretransplant 
for girls and age. All 17 girls had amenorrhea, elevated LH 
and FSH levels, and decreased estradiol levels for the first 2 
years after transplant. Among 14 girls now between 3 and 14 
years after transplant, 4 have demonstrated recovery of 
ovarian function with LH, FSH, and estradiol levels return- 
ing to normal and with return of spontaneous menses at 3, 4, 
5, and 5 years after transplant. Marrow transplant prepara- 
tion was 10.0 Gy single exposure TBI for 2 and 12.0 Gy 
fractionated TBI for 2 of these girls. One of these 4 became 
pregnant and had an elective abortion, but by 10 years 
posttransplant she redeveloped amenorrhea and elevated LH 
and FSH levels. Cyclic hormone supplementation has been 
given to all of the remaining 10 girls, all of whom continue to 
have elevated levels of LH and FSH. Gonadotropin and 
testosterone levels were obtained on 25 of 27 boys. Ten of 25 
had elevated LH levels, 23 had elevated FSH levels, and 
testosterone was normal for 26. Semen analysis in 4 boys 
demonstrated azoospermia. 


DISCUSSION 


Multiagent chemotherapy and radiotherapy given to chil- 
dren for treatment of hematologic malignancies are asso- 
ciated with delayed complications that occur months to years 
later. As these children are surviving longer, the delayed 
sequelae are becoming increasingly apparent.” Late adverse 
effects in multiple organ systems are, in general, related to 
- particular treatment regimens. Prior to referral for trans- 
plant the children in the present study had received chemo- 
therapy with or without radiotherapy. Since none of these 
children had growth and development evaluations performed 
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before transplant, the specific treatment regimen responsible 
for the observed abnormalities cannot be determined with 
certainty. 

In the current study asymptomatic compensated hypothy- 
roidism, overt hypothyroidism, hyperthyroxenemia, and a 
thyroid adenoma were all observed after transplant. Others 
have also observed a similar incidence of thyroid function 
abnormalities after TBI in clinically asymptomatic 
patients.!! The incidence and type of abnormalities observed 
after TBI are quite similar to those that have been reported 
following head and neck irradiation in children, but differ 
from the much lower incidence reported after cranial irradia- 
tion alone." An explanation for the hyperthyroxen- 
emia present in our patients 1s not readily apparent, but may 
be due to thyroid damage after TBI. The possibility of 
thyroid binding globulin abnormalities was not evaluated, 
however none of the patients with elevated T, were taking 
medication or had liver disease at the time studies were 
obtained. Only one thyroid neoplasm was found, but the 
median time of observation is only 4 years after TBI. The 
increased incidence of thyroid neoplasms and benign thyroid 
nodules in children after irradiation to the neck has a latent 
period from 3 to 30 years (median 11 years).5!/24445 
Untreated compensated hypothyroidism after irradiation has 
been suggested as an important factor in the development of 
neoplastic thyroid disease." Few of our patients with hypo- 
thyroidism have been treated with hormone supplementation 
which may be a factor in future development of thyroid 
tumors and also may be a factor in their decreased growth. 
Children surviving after TBI need to be evaluated for 
development of thyroid dysfunction, have hypothyroidism 
treated, and be evaluated for thyroid nodules or malignan- 
cies. 

The long-term effects of irradiation to adrenal glands have 
not been previously reported, but subnormal stimulated 
cortisol levels have been observed following central nervous 
system prophylaxis." The single-dose metapyrone test was 
selected to evaluate the patients in this study because of its 
ease of administration. The differentiation of primary or 
secondary adrenal insufficiency due to adrenocorticotropin 
hormone deficiency was not explored. Although none of our 
patients have become symptomatic, their ability to handle 
major stressful situations, such as surgery, is unknown. 

GH deficiency following central nervous system irradia- 
tion has been variable, and the effect of irradiation has been 
correlated with total dosage received. The differing 
results of GH production in children receiving similar doses 
of irradiation may be due to use of various GH stimuli 
and/or variation in time intervals between irradiation and 
GH determination. Both subnormal and normal growth rates 
have been reported. In the present study, decreased growth 
rates and GH deficiency were observed after TBI. Previous 
cranial irradiation, type of TBI administered, and chronic 
GVHD appear to be the major factors contributing to 
decreased growth. Since none of the children had GH testing 
prior to TBI and only 30% had testing after TBI, the actual 
incidence and time of appearance of GH deficiency cannot 
be determined. 

The severity of epiphyseal, metaphyseal, and diaphyseal 
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injury after irradiation to developing bone appears to 
increase with increasing radiation dose, lengthening postirra- 
diation interval, and younger age at the time of treatment.® 
Spinal growth suppression occurs after 15 to 44 Gy irradia- 
tion to the entire length of spine.**“? Children in the present 
study all received TBI and all had decreased growth rates. 
The type of TBI administered did not appear to affect height 
until 3 or more years after transplant when those who 
received fractionated TBI were observed to grow signifi- 
cantly taller than those who received single exposure TBI. 

The acute growth suppressive effects of glucocorticoids 
would explain the deceleration of linear growth in most 
chronic GVHD patients. Failure to achieve catch-up growth 
after completion of treatment and equally decreased growth 
rates of the patients with chronic GVHD who did not receive 
treatment suggest that factors other than steroids contrib- 
uted to their decreased growth.'*°°? Since chronic GVHD 
often involves the liver, synthesis of somatomedins may be 
diminished and contribute to decreased growth rates.'*? 
Prospective studies utilizing immunosuppressive therapy 
other than glucocorticoids and further study of GH secretion 
and somatomedin levels may provide a more complete under- 
standing of the influence of chronic GVHD and/or its 
treatment on growth after transplantation. 

In patients who have received TBI, which is known to 
cause gonadal failure in postpubertal patients,"'^ it is reason- 
able to consider puberty in terms of development of secon- 
dary sex characteristics.” Data from studies of long-term 
survivors of childhood leukemia who were treated according 
to conventional protocols indicate an excellent prognosis for 
normal pubertal progression and gonadal function.) The 
current evaluation shows that the majority of children, 
prepubertal at the time of TBI administration, have a delay 
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in the onset and developmental progression of secondary 
sexual characteristics due to hypergonadotropic hypogo- 
nadism. Their low levels of sex hormones may be a major 
contributing factor in their lack of an increase in growth 
velocity during adolescence since normally the increasing sex 
hormone levels during puberty contribute to growth by 
increasing growth hormone production.’ The observation 
that a few girls did achieve menarche and that some boys had 
normal LH, FSH, and testosterone suggests that irradiation 
to the prepubertal ovary and testes may not always result in 
irreversible damage and thus, may not always result in 
sterility. It is reasonable, however, to consider the use of 
appropriate sex hormone therapy for children with hyper- 
gonadotropic hypogonadism after TBI to promote develop- 
ment of secondary sexual characteristics and perhaps 
improve growth rates. 

Total body irradiation has been shown to produce primary 
gonadal failure for up to 3 to 6 years in nearly all patients 
postpubertal at the time of transplant." A rare patient has 
recovered gonadal function. Among the postpubertal 
patients in the current study, 4 of 17 girls had recovery of 
ovarian function which was transient in 1. None of the boys 
have had return of spermatogenesis but Leydig cell function 
appears adequate in most. 

This study shows that multiple endocrine abnormalities 
may occur following marrow transplantation after chemo- 
therapy and TBI. Although the marrow transplant prepara- 
tive regimen may not be the treatment modality solely 
responsible for inducing the observed abnormalities, careful 
attention to the endocrine system and long-term evaluations 
of these children are necessary in order to initiate appropri- 
ate hormone supplementation which may result in improved 
growth and development. 
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Deoxycytidine Stimulates the In Vitro Growth of Normal CFU-GM and Reverses 
the Negative Regulatory Effects of Acidic Isoferritin and Prostaglandin E, 


By Kapil Bhalla, John Cole, Wiliam MacLaughlin, Michael Baker, Zalmen Arlin, Gary Graham, and Steven Grant 


We have examined the effect of supraphysiologic concen- 
trations of the naturally occurring nucleoside deoxycyti- 
dine (dCyd) on the in vitro growth of normal (CFU-GM) and 
leukemic (L-CFU) myeloid progenitor cells. Bone marrow 
samples obtained from 34 consecutive patients undergoing 
routine diagnostic bone marrow aspirations for nonmalig- 
nant hematologic disorders exhibited nearly a twofold 
increment in CFU-GM when continuously cultured in the 
presence of 107^ mol/L dCyd. Higher dCyd concentrations 
were associated with a smaller degree of enhancement of 
colony formation. In contrast, the growth of leukemic blast 
progenitors obtained from patients with acute nonlympho- 
cytic leukemia were not enhanced by any of the dCyd 
concentrations tested. Coadministration of 10 ? mol/L 
tetrahydrouridine (THU), a cytidine deaminase inhibitor, 
failed to alter the relative inability of dCyd to enhance 
L-CFU colony growth. The stimulatory effect of dCyd on 
normal CFU-GM was not mediated by the adherent mono- 
nuclear cell population of the marrow, nor was it restricted 
to the subpopulation of CFU-GM in S phase at the time of 


EOXYCYTIDINE (dCyd) is a naturally occurring 
pyrimidine nucleoside that is present in human plasma 

at concentrations ranging from 5 x 107" to 4 x 107° mol/L.! 
It is metabolized intracellularly to its triphosphate deriva- 
tive, dCTP, which is required by DNA polymerase for 
ongoing DNA synthesis and cell replication? The enzyme 
dCyd kinase catalyzes the initial phosphorylation of dCyd to 
its nucleoside monophosphate derivative, dCMP.? This pro- 
cess represents the rate-limiting step in dCyd metabolism.’ 
Opposing the phosphorylation of dCyd is the degradative 
enzyme dCyd deaminase, which converts dCyd to deoxyuri- 
dine (dUrd) Alternatively, (CMP may be deaminated to 
deoxyuridylate (dUMP) by another degradative enzyme, 
dCMP deaminase. Resting cells maintain low dCTP levels, 
but exhibit increased activity of dCyd kinase and expand 
dCTP pools immediately prior to cell division.’ Since a 
balanced supply of deoxyribonucleotides is required for 
DNA synthesis, it is believed that a relative deficiency in 
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initial exposure. Moreover, treatment of normal bone mar- 
row cells with dCyd at concentrations ranging from 10 ? to 
5 x 10^? mol/L for 24 hours had only a minor effect on the 
fraction of CFU-GM in S phase. Coadministration of 107* 
mol/L dCyd was able to reverse the inhibitory effects of 
several putative regulators of normal myelopoiesis, includ- 
ing leukemia inhibitory activity (LIA), acidic isoferritins 
(AIF), and prostaglandin E, (PGE,). Leukemic myeloblasts 
exposed to 107^ mol/L dCyd exhibited substantial expan- 
sion of intracellular pools of dCyd triphosphate (dCTP), 
demonstrating that inability to metabolize dCyd could not 
be solely responsible for the absence of growth potentia- 
tion in these cells. These studies suggest that supraphysio- 
logic concentrations of dCyd may confer a selective in vitro 
growth advantage upon normal v leukemic myeloid pro- 
genitor cells, and may free the former from the inhibitory 
effects of several potential negative regulators of myelo- 
poiesis. 

e 1986 by Grune & Stratton, Inc. 


intracellular dCTP concentrations may limit DNA replica- 
tion and thereby modulate growth regulation." 

Normal human bone marrow myeloid progenitors (CFU- 
GM) are known to exhibit a larger growth fraction than their 
leukemic counterparts? and may preferentially utilize the 
pyrimidine salvage pathway for nucleic acid synthesis.'? 
Consequently, it is conceivable that quantitative differences 
in nucleotide metabolism may exist between normal and 
neoplastic elements. The aim of these studies was to deter- 
mine whether such differences might be exploited in order to 
confer an in vitro growth advantage on normal cells. Specifi- 
cally, we have examined the effect of supraphysiologic 
concentrations of dCyd on the soft agar growth of normal 
and leukemic myeloid progenitors. An additional goal was to 
determine whether high concentrations of dCyd might 
reverse the growth inhibitory effects toward normal cells of 
several putative regulators of granulopoiesis, including leu- 
kemia inhibitory activity (LIA),!! acidic isoferritins (AIF)," 
and prostaglandin E, (PGE,).? Our results suggest that 
supraphysiologic concentrations of dCyd may preferentially 
stimulate the in vitro growth of normal CFU-GM, and may 
overcome the inhibitory effects of potentially important 
physiologic modulators of myelopoiesis. 


MATERIALS AND METHODS 


Drugs and chemicals dCyd, thymidine (dThd), hydroxyurea 
(HU), indomethacin, and PGE, were purchased from Sigma Chemi- 
cals (St Louis, Mo). Tetrahydrouridine (THU) was provided by Dr 
Kenneth Paull, Drug Development Branch, NCI. AIF (pH « 5.0 
after isoelectric focusing) was prepared for the spleen of a patient 
with chronic myelogenous leukemia This isoferritin (94% AIF) as 
determined by radioimmunoassay," was kindly provided by Dr H 
Broxmeyer, University of Indiana School of Medicine. [7H]Thymid- 
ine (50 Ci/mmol/L) was purchased from Amersham Radiochemi- 
cals (Springfield, Ill). Drugs were stored as dry powders at — 20 °C 
and reconstituted in RPMI media immediately prior to use. The 
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solutions were filter sterilized utilizing 22 um filter discs (Millipore 
Corporation, Cambridge, Mass) 

Culture of normal human bone marrow granulocyte-macrophage 
progenitors. Human bone marrow myeloid progenitors were cul- 
tured by a previously described double-layer soft agar cloning 
method. Samples were obtained with informed consent from 34 
consecutive patients undergoing routine diagnostic bone marrow 
aspirations for nonneoplastic hematologic disorders These disorders 
consisted principally of iron deficiency anemia, immune thrombocy- 
topenias, and the anemia of chronic disease. Specifically excluded 
were bone marrow aspirates from patients with myelodysplastic 
syndromes, drug-induced leucopenias, myelophthisic processes, 
acquired immune deficiency syndrome, or any other qualitative or 
quantitative disorder of myelopoiesis. After isolation of mononuclear 
cells, appropriate concentrations of dCyd were added prior to plating 
in soft agar and McCoy’s 5a medium. GCT-conditioned media (10% 
v/v; GIBCO, Grand Island, NY) was used as a source of colony- 
stimulating activity. Additionally, in a separate set of experiments, 
cells were plated 1n the continuous presence of 107? mol/L THU (a 
concentration that maximally inhibits the deamination of dCyd)!* 
alone, and in conjunction with 107* mol/L dCyd. Alternatively, bone 
marrow mononuclear cells were treated for 24 hours with dCyd 
concentrations ranging from 1075 to 5 x 107? mol/L, washed twice 
with McCoy's medium, and then plated in soft agar as above. In 
separate experiments, adherent bone marrow cells containing 90% or 
greater monocytes and macrophages were removed by incubation in 
tissue culture flasks in McCoy's medium with 1046 fetal calf serum 
for one hour.’ Nonadherent mononuclear bone marrow cells were 
plated with various dCyd concentrations as described above. At the 
end of seven days incubation in a 37 °C, 5% CO, fully humidified 
incubator (NAPCO, Portland, Or), colonies, consisting of groups of 
50 or more cells, were scored with an inverted microscope. The effect 
of various concentrations of dCyd on the fraction of clonogenic 
CFU-GM in S phase was examined utilizing a previously described 
DH]dThd suicide technique ” Alternatively, the effect of dCyd on 
non-S phase CFU-GM was assessed by culturing cells in the 
presence of dCyd following a one-hour exposure to 107? mol/L 
HU."* In additional experiments, bone marrow mononuclear cells 
from 6 marrow aspirates were cultured in a manner identical to that 
for L-CFU (vide infra). Cells were depleted of T lymphocytes by 
rosetting with sheep red blood cells and plated in soft agar in the 
presence of either 10% GCT conditioned media or PHA-LCM" as a 
source of colony-stimulating activity. Colony formation was deter- 
mined as described above. 

Culture of leukemic blast progenitors. LLeukemic myeloblasts 
were cultured in soft agar by minor modifications of a previously 
described technique.? T lymphocyte-depleted mononuclear cells 
obtained from bone marrow or peripheral blood samples from 
patients with acute nonlymphocytic leukemia were plated at 2 x 10° 
cells/mL in soft agar utilizing the bilayer soft agar method previ- 
ously described for normal CFU-GM." The effect of continuous 
exposure to various conditions of dCyd alone, 10? mol/L THU 
alone, and the two agents in combination upon L-CFU colony 
formation was examined by incorporating the drugs in the top layer 
of soft agar. PHA leukocyte-conditioned medium (10% v/v) was 
used as a source of colony-stimulating activity.” Plates were incu- 
bated at 37 °C, 5% CO, fully humidified incubator for seven days 
and colonies, consisting of groups of 20 or more blastlike cells, were 
scored with an inverted microscope (Olympus, New Hyde Park, 
NY). 

“Crude” leukemia inhibitory activity, acidic isoferritin, and 
prostaglandin E, studies. Cells were cultured in the presence of 
1075 or 107* mol/L dCyd, along with each negative regulator of 
myelopoiesis Cell-free “crude” LIA was prepared utilizing the 
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method described by Broxmeyer et al.'! Maximal inhibitory concen- 
trations of crude LIA (10% v/v), AIF (107? mol/L), or PGE, (107 
mol/L) were added to each plate. In the case of PGE,, indomethacin 
(1076 mol/L) was added to the plates to prevent endogenous 
prostaglandin production by monocytes and macrophages, and 
appropriate controls assessed. 

Deoxyribonucleotide determinations. Normal bone marrow 
mononuclear cells and leukemic myeloblasts were obtained as 
described previously, suspended in McCoy's 5a medium containing 
10% fetal calf serum, and placed in 25 cm? tissue culture flasks along 
with varying concentrations of dCyd with and without 107? mol/L 
THU. After 18 hours incubation in a 37 °C, 5% CO, incubator, the 
cells were centrifuged, the cell pellet precipitated with 0.75 mL of 
cold 0.5N HCLO,, and the supernatant neutralized with cold 4N 
KOH. The KCLO, precipitate was removed and the neutralized acid 
soluble extracts assayed for dCTP levels utilizing the DNA polymer- 
ase assay of Grindey and Kinahan, described elsewhere in detail?! 

Statistical methods. Significant differences between experi- 
ment groups were assessed utilizing the Student's t test for paired or 
unpaired observations. 


RESULTS 


The effects of increasing concentrations of dCyd on CFU- 
GM and leukemic myeicid progenitor (L-CFU) colonies in 
soft agar are shown in Fig 1. At physiologic concentrations of 
dCyd in the culture medium (1075 mol/L), no stimulation in 
colony formation was observed. Exposure to 1074 mol/L 
dCyd led to a significant increase in CFU-GM colony 
formation to 193 + 11.5% of control (P < 0.001). At higher 
concentrations of dCyd, a decline in colony formation to 
control values was noted. For example, dCyd levels of 107? 
and 5 x 10^? mol/L were associated with 139 + 8.5 and 
96.5 x 4.6% of control colony growth, respectively. The 
degree of stimulation varied among different bone marrow 
samples. However, only 3 our of 34 bone marrow samples 
failed to exhibit significant enhancement of colony growth 
following exposure to 107* mol/L dCyd concentration, and 
no sample exhibited inhibition. A comparable degree of 





Percent Control Colony Growth 





1 1 
10$ 5x10°5 


L ee | 
1076 1075 1074 
Molar dCyd Concentration 


Fig 1. The effect of various concentrations of dCyd on the 
colony growth of CFU-GM and L-CFU: seven-day CFU-GM 
{(—); seven-day L-CFU (——-). The ordinate is expressed as the 
percentage of control colony formation. Each point represents the 
mean value + SE for at least 11 separate experiments. The 
number of separate samples assessed for each dCyd concentra- 
tion ranged from 11 (107° mol/L) to 34 (107* mol/L) for CFU-GM 
and 11 (10? mol/L) to 30 (10 ^ mol/L) for L-CFU. 
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stimulation was observed when 10d CFU-GM were scored 
instead of day 7 colonies (10 samples). A shorter dCyd 
exposure interval (24 hours) immediately prior to culture 
also resulted in a significant growth enhancement 
(201.7 + 7.1% of control values; not shown). The degree of 
enhancement of colony formation by dCyd was not altered 
either by depleting the mononuclear cell population of T 
lymphocytes or by utilizing PHA-LCM as a source of 
colony-stimulating activity. For example, when cells from 6 
samples were plated under these conditions, the mean incre- 
ment in colony formation in the presence of 107* mol/L 
dCyd was 198.6 + 19.1% of control. This value was not 
significantly different from that obtained with dCyd-treated 
cells plated under standard conditions. A loss of expression of 
Ia-antigen on CFU-GM has been reported when the latter is 
incubated in suspension culture at 37°C for six hours.” 
Treatment of CFU-GM in this manner prior to plating in 
soft agar with 1074 mol/L dCyd elicited a growth increment 
of 174.4 + 12.3% of control (not shown). Removal of the 
adherent cell population also did not alter the increment in 
CFU-GM growth (212 + 6.7% of control values; not shown). 
In contrast to normal CFU-GM, leukemic myeloid progeni- 
tor colony growth was not enhanced by treatment with any of 
the dCyd concentrations tested (Fig 1). Moreover, at 5 x 
107 mol/L dCyd, a decrease to 83.9 + 3.4 of control 
leukemic colony formation was observed. 

To assess what role cytidine deaminase might play in 
determining the response of normal and leukemic progenitor 
cells to supraphysiologic concentrations of dCyd, we exam- 
ined the growth of CFU-GM and L-CFU in the presence of 
THU and dCyd (Table 1). Continuous exposure to 1073 
mol/L THU or 107* mol/L dCyd alone resulted in little 
change in the number of L-CFU. Furthermore, coadminis- 
tration of THU in conjunction with dCyd did not result in 
enhanced leukemic cell colony formation. With respect to 
normal CFU-GM, THU did not increase the number of 
CFU-GM colonies relative to untreated control cells, nor did 
addition of THU to dCyd increase CFU-GM growth relative 
to dCyd (1074 mol/L) administered alone. 

In separate studies, dCTP pools were determined in leu- 


Table 1. Effect of Deoxycytidine (dCyd) and Tetrahydrouridine 
(THU) on the Growth of Normal (CFU-GM) and Leukemic (L-CFU) 
Myeloid Progenitor Cells 





Percent Control Colony Formation + SEM 








Condition CFU-GM L-CFU 
dCyd (107^ mol/L) 1930+ 11.5 98.0 + 2.5 
THU (107? mol/L) 99.6 + 2.9 96.3 + 13.0 
dCyd (107^ mol/L) + 
THU (107° mol/L) 168.8 + 21.5 83.5 + 5.3 





Bone marrow samples from 12 patients with nonmalignant hemato- 
logic disorders and 4 patients with acute nonlymphocytic leukemia were 
cloned in soft agar in the presence of dCyd (1074 mol/L), THU (1072 
mol/L), or both agents simultaneously. At the end of seven days 
incubation in a 5% CO;, 37 °C incubator, normal (CFU-GM) and leukemic 


* (L-CFU) myeloid colonies were scored with the aid of an inverted 


microscope as described in Materials and Methods. Values for each 
condition are expressed as the percentage of untreated control cell colony 
formation + SEM. 
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kemic blasts obtained from 14 patients with acute nonlym- 
phocytic leukemia both in the unperturbed state and follow- 
ing exposure to several concentrations of dCyd for 18 hours 
(not shown). Untreated freshly procured myeloblasts exhib- 
ited a mean of 0.52 + 0.09 pmol dCTP/10^$ cells, while 
exposure to 107 and 5 x 107? mol/L dCyd for 18 hours 
increased levels to 1.21 + 0.27 and 3.38 + 0.98 pmol 
dCTP/1075 cells, respectively (P < 0.02). The effect of 
THU on intracellular dCTP pool expansion in leukemic 
myeloblasts exposed to high concentrations of dCyd was also 
evaluated (Table 2). Leukemic myeloblasts from 4 patients 
were exposed to 107* mol/L dCyd for 18 hours in the 
presence or absence of 107? mol/L THU and intracellular 
dCTP levels determined. In the presence of 10-74 mol/L 
dCyd, mean dCTP levels increased from 0.39 + 0.1 to 0.68 + 
0.14 pmol/10° cells. Exposure to THU alone resulted in a 
smaller increment in dCTP levels (0.57 + 0.9 pmol/10$ 
cells). When cells were exposed to both THU and dCyd, 
dCTP levels (0.88 + 0.29 pmol/10$ cells) were not signifi- 
cantly different from those exposed to dCyd alone 
(P > 0.10). Identical experiments examining dCTP levels 
were performed on normal bone marrow mononuclear cells 
separated by Ficoll-Paque (Pharmacia, Piscataway, NJ) 
density gradient centrifugation. The results, in general, were 
quite similar to those involving leukemic myeloblasts, ie, 
THU did not enhance the ability of 107* mol/L dCyd to 
expand intracellular dCTP pools. It should be noted that for 
each condition, intracellular dCTP levels were greater for 
normal bone marrow mononuclear cells than for leukemic 
myeloblasts. However, these differences did not achieve the 
level of statistical significance ( P > 0.10). 

The effect of a 24-hour exposure to 10~ and 107* mol/L 
dCyd on the percentage of clonogenic CFU-GM in S phase 
as determined by the thymidine suicide index is shown in 
Table 3. Neither dCyd concentration increased the percent- 
age of CFU-GM synthesizing DNA. In addition, treatment 
of cells with 107? mol/L HU for one hour reduced CFU-GM 
colony formation to 69.5 + 1.4% of control. However, 
addition of 107* mol/L dCyd significantly increased clono- 
genicity to 91.3 + 4.2%, indicating that the effect of dCyd is 
not restricted to CFU-GM initially in S phase. 

The effect of dCyd on the inhibitory activity of some of the 
known regulators of granulopoiesis is also shown in Table 3. 
In the absence of dCyd, a significant reduction in CFU-GM 
growth to 65.7, 64.5, and 55.0% of control values was 
observed following exposure to crude LIA (10%), AIF (107? 
mol/L), and PGE, (1075 mol/L), respectively. Coadminis- 
tration of physiologic concentrations of dCyd (10-5 mol/L) 
did not alter the degree of inhibition by these agents. 
However, simultaneous treatment with 1074 mol/L dCyd 
resulted in a significant increment in CFU-GM growth to 
values exceeding unperturbed control colony formation. The 
degree of reversal of the growth inhibition by 107^ mol/L 
dCyd concentrations varied among different bone marrow 
samples. In general, the abolition of the inhibitory effect of 
crude LIA, AIF, and PGE, was more pronounced in those 
CFU-GM samples that demonstrated a greater increment in 
colony growth following treatment with dCyd alone (data 
not shown). 
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Table 2. dCTP Pools in Human Leukemic Myeloblasts and Normal Bone Marrow Mononuclear Cells Exposed to Deoxycytidine (dCyd) 
and/or Tetrahydrouridine (THU) 





dCTP Concentrations (pmol dCTP/ 10 cells) 





dCyd 107^ mol/L + 





N Control dCyd 107^ mol/L THU 107? mol/L THU 107? mol/L 
Leukemic Blasts 

1 0.18 0.23 051 062 

2 0.71 0 98 0.84 1.37 

3 0.42 0.84 0.34 0.88 

4 027 0.70 0.61 0.66 
Mean + SEM 039 x 0.10 0.68 x 0.14 0.57 + 0.09 0.88 + 0.29 
Normal Bone Marrow 
Mononuclear Cells 

1 0.29 179 068 2.76 

2 052 121 0.70 1.20 

3 0.59 1.65 1.04 2.45 

4 0.13 0.32 015 0.34 
Mean + SEM 0.38 + 0.09 124 + 0.28 0.64 x 0.15 1.68 + 0.48 





Leukemic myeloblasts from 4 patients with acute nonlymphocytic leukemia and normal bone marrow mononuclear cells from 4 patients with 
nonmalignant hematologic disorders were incubated for 18 hours with 107* mol/L dCyd alone, 10^? mol/L THU alone, and the two agents in 
combination. At the end of the incubation period, cold ethanol extracts were obtained and dCTP levels determined by the DNA polymerase assay as 
described in Materials and Methods. Values are expressed as pmol dCTP/ 10 cells. 


DISCUSSION 

In this report we describe the ability of supraphysiologic 
concentration (107* mol/L) of exogenous dCyd to enhance 
the in vitro growth of normal CFU-GM, but not of leukemic 
blast progenitors. This stimulatory effect is apparently not 
mediated through increased elaboration of granulocyte- 
macrophage colony-stimulating factors (GM-CSF) from 
monocytes and macrophages in the adherent cell population 
of bone marrow. Since depletion of the T lymphocyte 
subpopulation did not reverse the enhancement of colony 
formation by dCyd, it is unlikely that these cells are impli- 
cated in this phenomenon. Previous studies have suggested 
that putative regulators of myelopoiesis affect only the Ia 
antigen bearing CFU-GM in S phase.” In contrast, our 
results demonstrate that the dCyd-mediated stimulation of 
CFU-GM proliferation is not dependent on Ia antigen 
expression, nor is it limited to CFU-GM in S phase. How- 
ever, since we have not extracted the Ia antigen—bearing cells 
from our marrow samples, we cannot rule out the possibility 
that such cells may play some role in determining the 
response of CFU-GM to supraphysiologic concentrations of 
dCyd. Finally, our results indicate that dCyd treatment does 


not, by itself, increase the percentage of CFU-GM in S 
phase. Therefore, the twofold increment in CFU-GM colony 
formation cannot be ascribed to a “recruitment” of myeloid 
progenitors by dCyd into the DNA synthesis phase of the cell 
cycle. 

An explanation for the inability of dCyd to stimulate the in 
vitro growth of L-CFU is not readily apparent. One possibil- 
ity is that leukemic myeloblasts may be highly efficient in 
their ability to deaminate dCyd by the enzyme cytidine 
deaminase. Previous studies by Chabner and colleagues have 
indicated that although cytidine deaminase activity tends to 
increase with granulocytic maturation, leukemic myeloid 
progenitors do not exhibit higher levels of cytidine deaminase 
activity than their normal counterparts at equivalent levels of 
differentiation.” In addition, Coleman and coworkers have 
reported that dCyd kinase/cytidine deaminase activity ratios 
in the immature or myeloblast-enriched fractions from nor- 
mal and leukemic bone marrow samples are quantitatively 
similar. Results of the present study demonstrate that 
coadministration of tetrahydrouridine in conjunction with 
dCyd fails to enhance significantly either the intracellular 
dCTP pools or the in vitro growth of L-CFU. This suggests 


Table 3. Effect of 107° mol/L and 10~* mol/L dCyd on the Inhibitory Activity of Various Agents on CFU-GM Colony Growth 





Percent Control CFU-GM Growth 








Conditions Without dCyd dCyd 107? mol/L dCyd 107* mol/L 
Hydroxyurea (107? mol/L)* 69.5 + 1.41 ND 91.3 + 4.28 
[H] Thymidine Suicide Indext 59.0 422} 590+36 6304 2.3 
“Crude” LIA (1096) 67.7 + 161 70.0 + 3.6 134.0 + 7.5§ 
Acidic Isoferritin (107? mol/L) 64.5 +15 67.4+17 123.0 + 7.8§ 
Prostaglandin E, (1079 mol/L) 55.0 + 1.6$ 58.2 + 0.8 121.0 + 7.6§ 





ND, not done. 


*Cells are incubated for one hour with hydroxyurea, washed, and then plated in the continuous presence of dCyd 
TCells are incubated with PH] thymidine (50 uCi/mL) for 25 minutes with and without a prior 24-hour incubation with dCyd. They are then washed 


and plated in the absence of drug. 
iSignificantly different from control values (P < O 05). 


§Significantly different from colony growth in the absence of dCyd exposure (A) (P. < 0.05). 
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that activity of cytidine deaminase in leukemic blasts 1s not 
solely responsible for their limited response to dCyd. Despite 
the results of these in vitro studies, it is possible that 
deamination may play an important role in determining the 
pharmacokinetics and biologic effects of dCyd in an intact 
animal and would have to be taken into consideration in any 
projected in vivo studies. 

The apparent inability of supraphysiologic concentrations 
of dCyd to stimulate L-CFU growth might also result from a 
relative impairment in the capacity of leukemic cells to 
expand dCTP pools in response to exogenous dCyd. How- 
ever, our studies demonstrate that leukemic blasts are capa- 
ble of increasing intracellular dCTP pools significantly under 
these conditions and that this phenomenon is not associated 
with potentiation of colony formation. Other potential expla- 
nations include the possibilities that leukemic cells may 
actively degrade dCyd nucleotides utilizing enzymes such as 
5’-nucleotidase™ or higher dephosphorylases,? or that intra- 
cellular dCTP levels might be less limiting for the in vitro 
growth of leukemic cells than for normal myeloid progenitor 
cells. Finally, it is conceivable that biochemical perturba- 
tions in normal and leukemic cell populations as a whole do 
not reflect events occurring in the small subset of clonogenic 
cells. For example, in our studies, intracellular levels of 
dCTP under various conditions tended to be greater for 
normal mononuclear cells than for leukemic myeloblasts, 
although the differences did not achieve statistical signifi- 
cance. However, it is known that the normal bone marrow 
mononuclear cell population separated by Ficoll-Paque den- 
sity gradient centrifugation is heterogeneous and does not 
represent a pure population of clonogenic cells.” Conse- 
quently, direct comparisons of biochemical differences 
between normal and leukemic bone marrow cells (eg, dCyd 
kinase or cytidine deaminase activity, perturbations in dCTP 
pools) might not predict the behavior of the small subset of 
myeloid progenitors. It is likely that advances in the purifica- 
tion of normal and leukemic stem cells will be necessary 
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before definitive biochemical differences can be character- 
ized. 

AIF have been identified as the mediators of the inhibitory 
effects of LIA on CFU-GM growth." Both “crude” LIA and 
AIF are relatively incapable of inhibiting the in vitro prolif- 
eration of blast cells from patients with acute nonlympho- 
cytic leukemia,” leading to the hypothesis that AIF confers a 
proliferative advantage of leukemic blasts over normal 
myeloid progenitors. Our study demonstrates that supra- 
physiologic concentrations of dCyd (1074 mol/L) in the 
culture medium reverses the inhibitory effect of AIF on 
CFU-GM. This effect was also observed with respect to 
PGE,, which is produced by monocytes and macrophages, 
and suppresses colony formation by cycling, Ia antigen 
positive, macrophage progenitor cells.'? Whether dCyd 
directly antagonizes the activity of these factors or stimulates 
subpopulations of cells immune to their actions remains to be 
established. 

The mechanism(s) underlying in vivo suppression of nor- 
mal hematopoiesis in leukemia are not clearly understood. In 
vitro studies have recognized several growth promoters for 
normal hematopoiesis such as interleukin 3, GM-CSF, and 
colony-stimulating activity derived from fibroblasts.” On the 
other hand, the inhibitory influences of AIF, PGE,, and 
lactoferrin are also well characterized.'^?? It is not cur- 
rently known whether it is inadequate expression of growth 
factors or enhanced manifestation of the inhibitors that 
favors leukemic progenitor cell growth. Our study provides in 
vitro evidence that supraphysiologic concentrations of dCyd 
may protect normal myeloid progenitors from inhibitory 
regulators and may directly stimulate their proliferation. It 
also raises the possibility that modulation of exogenous dCyd 
concentrations may confer a selective growth advantage on 
normal myelopoiesis. In view of the potential therapeutic 
benefits of dCyd in leukemia, animal studies designed to 
assess the in vivo relevance of these findings appear war- 
ranted. 
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Heterogeneity of Large Granular Lymphocyte Proliferations: 
Delineation of Two Major Subtypes 


By Wing C. Chan, Susan Link, Alison Mawle, Irene Check, Russell K. Brynes, and Elliott F. Winton 


Two major types of lymphocytosis of large granular lym- 
phocytes (LGLs) were observed. The proliferating LGLs in 
each type had distinct immunophenotypes, functional char- 
acteristics, and probably belonged to different cell lin- 
eages. The more common form (Type A) consisted of cells 
derived from the T cell lineage and had the T suppressor/ 
cytotoxic phenotype (T11--, T3+, T8+). The expression 
of the Leu 7 and HLA-DR antigen was variable. These cells 
did not have natural killer (NK) function but showed a 
variable degree of antibody-dependent cell-mediated cyto- 
toxic (ADCC) activity. Neutropenia was invariably present 
and rheumatoid arthritis and autoantibodies were frequent 
associations. These lymphocytes had many similarities to 
the major type of LGLs present in normal adult bone 
marrow. The other type of LGL lymphocytosis (Type B) 


UNIQUE population of lymphocytes consisting of cells 

having abundant cytoplasm with many azurophilic 
granules has been termed large granular lymphocytes 
(LGLs). This population of cells constitutes only a minority 
(mean of approximately 15%) of normal peripheral blood 
lymphocytes but contains virtually all natural killer (NK) 
and antibody-dependent cell-mediated cytotoxic (ADCC) 
activity. An increasing number of patients showing a 
lymphocytosis of peripheral blood and bone marrow LGLs 
has been recently reported.*”* These patients often suffer 
from associated severe neutropenia and, occasionally, pure 
red cell aplasia.59?? The bone marrow generally shows only a 
mild to moderate increase in lymphocytes, which is insuffi- 
cient to cause neutropenia by marrow replacement. The 
lymphocytosis, with few exceptions, is nonprogressive or only 
slowly progressive over an extended period of time. We have 
studied 11 patients with LGL lymphocytosis and have 
observed considerable heterogeneity in the clinicopathologic 
picture, as well as in the immunophenotypes and in vitro 
function of the LGLs. These may, however, be grouped into 
two broad categories that possibly represent derivation from 
two subtypes of LGLs with different origins and functions. 


MATERIALS AND METHODS 


All patients in this study had an increased percentage of periph- 
eral blood LGLs (>50% of lymphocytes) The total lymphocyte 
counts were normal or increased but the LGL counts were all above 
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consisted of cells lacking the antigens T3 and T8 but 
expressing M1 and NKH1. These cells possessed strong NK 
and ADCC activity but their cell lineage was not clear. 
Neutropenia and autoimmune phenomena were not 
detected. The cytochemical characteristics of the LGL 
granules from both types of patients were similar but 
differences in ultrastructure were observed. LGLs from 
Type B patients proliferated in the presence of Interleukin 
2 (IL-2) and 12-0-tetradecanoyl-phorbol-13 acetate (TPA). 
Significant changes in their basic T11--, T3—, T8— pheno- 
type were not observed. IL-2 and TPA, however, had 
profound influence on the NK function of the cells with 
enhancement in the case of IL-2 and marked suppression 
when stimulated by TPA. 

© 1986 by Grune & Stratton, Inc. 


the range of normal individuals studied (normal range = 87 to 
310/cu mm) None of the patients had evidence of an active systemic 
viral infection within 12 months prior to diagnosis. 

Morphologic studies included examination of peripheral blood 
and bone marrow aspirate smears as well as trephine biopsies 
obtained from the posterior superior iliac crest?! Reticulin stains 
were performed on trephine biopsy sections." Cytochemical studies 
included staining for acid phosphatase (ACP), Beta-glucuronidase 
(BG), alpha-naphthyl acetate esterase (ANAE) activities, and 
staining for the periodic acid Schiff's (PAS) reaction.2!8 

Electron microscopy was carried out on blood and/or bone 
marrow specimens.” Immunologic phenotyping was performed on 
peripheral blood mononuclear cells isolated by Ficoll-Hypaque 
(Pharmacia, Piscataway, NJ) density gradient centrifugation. 
Sheep erythrocyte receptors were demonstrated either by the roset- 
ting technique or by using the monoclonal antibody anti-CD2 
(T11).? The Fc receptor was demonstrated by rosette formation 
with rabbit IgG-sensitized ox erythrocytes or with the monoclonal 
antibody anti-CD16 (anti-Leu 11b) * Other monoclonal antibodies 
used included anti-CD3 (OKT3) for mature T cells, anti-CD4 
(anti-Leu 3a or OKT4) for T helper cells, anti-CD8 (anti-Leu 2a or 
OKTS8) for T suppressor cells, anti-Leu 7 for LGLs, NKHI for 
LGLs, anti-CD11 (OKM1) for monocytes /granulocytes/LGLs and 
anti-HLA-DR.”?! Surface antigens were demonstrated by using 
monoclonal antibodies in an indirect immunoperoxidase technique? 
or by indirect immunofluorescence and flow cytometry *4 

ADCC and NK activity were measured by a cytotoxicity assay 
using ?'Cr-labeled target cells.22 The mouse mastocytoma cell line 
(P815) coated with rabbit IgG (MA Bioproducts, Walkersville, Md) 
was used in ADCC assays This target cell is sensitive to lymphocyte- 
but not monocyte-mediated cytotoxicity 5 Human cell lines used in 
NK assays included K562, the T cell lines KT, HSB-2, MOLT-3, 
CEM; the Burkitt’s lymphoma cell line, RAJI; and the B lympho- 
blastoid cell lunes SB, WIL-2/729 (WIL), GN, and GHC. Percent 
cytotoxicity was calculated according to the formula: 


Cpm (test wells) — Cpm (spontaneous release) 





100 
F Cpm (maxımum release) — Cpm (spontaneous release) r 


Peripheral blood mononuclear cells were cultured in Interleukin 2 
(IL-2)-containing medium as follows: Cells were grown in RPMI- 
1640 with 20% fetal calf serum (FCS), containing 10% IL-2 
(Cellular Products, Buffalo, NY), at an initial concentration of 5 x 
10° to 1 x 10% cells/mL. When cellular proliferation began, the 
concentration was then kept below 2 x 10°/mL. When sufficient 
cells were available, cytotoxicity assays and surface marker studies 
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were performed. Peripheral blood mononuclear cells were also 
cultured in 12-0-tetradecanoyl-phorbol-13 acetate (TPA). TPA 
(Sigma, St. Louis, Mo) was dissolved in acetone at concentrations of 
1077, 107, 1075, 105, and 1075 mol/L. Each concentration was 
diluted 1,000-fold with RPM1-1640 containing 10% FCS before 
being used in culture to achieve final concentrations of 1075 to 10^? 
mol/L. Cells were adjusted to 5 x 10°/mL in TPA-containing 
medium and 200 uL added to each well of a 96 well plate. Triplicate 
cultures were set up for each concentration of TPA and incubated in 
5% CO, at 37 °C for three days or five days. Each well was pulsed 
with | uCi of tritiated thymidine four hours before harvesting, and 
uptake was determined. TPA-stimulated cells for surface marker 
determination and cytotoxicity assay were cultured in 24 well plates 
at $ x 10* cells/well. 


RESULTS 


Clinical features. Our patients consisted of 6 males and 
5 females with a median age of 57 years at presentation and 
an age range of 28 to 75 years (Table 1). All were Caucasian. 
Absolute lymphocytosis (74,000/mm?) was detected in six 
while the other patients had an increase in the proportion of 
LGLs (750976, normal mean +1 SD = 12.7 + 7.1). Signifi- 
cant lymphadenopathy was not detected in any of the 
patients except in regional lymph nodes draining a site of 
infection. Slight to moderate splenomegaly was seen in four 
patients. Patient 8 had marked splenomegaly as well as 
hepatomegaly but she also suffered from congestive heart 
failure which contributed significantly to the organomegaly. 
Hepatomegaly was not observed in the other patients. 

A variety of associated disorders were also seen in these 
patients. Neutropenia («1,800/uL?) was present in nine of 
the 11 patients. Clinical rheumatoid arthritis was seen in 
three patients while rheumatoid factor and/or antinuclear 
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antibodies were detected in six. Patient 3 had an abnormal 
band on protein electrophoresis that was suggestive of 
immune complex. 

Dermal, perianal, and upper respiratory tract infections 
were the most common complications among the patients 
with severe neutropenia. Patients 4 and 6 had well- 
documented episodes of septicemia, which was the cause of 
death for patient 4. Patient 7 died suddenly at home and 
autopsy showed multiple ileal ulcers some of which demon- 
strated transmural necrosis but no perforation. Postmortem 
blood culture grew gamma streptococci and diptheroids, 
which probably represented contamination from skin flora. 
Patient 2 died from massive intestinal infarction 5 years after 
initial diagnosis. 

Three patients were treated with prednisone but only one 
(patient 7) had a significant partial response with increase of 
neutrophil count to 500 to 1,000/uL during treatment. 
Patient 4 underwent splenectomy 2 months after presenta- 
tion. Her anemia and thrombocytopenia improved but the 
neutropenia stayed unchanged. Patient 6 had a complete 
spontaneous remission of his neutropenia, anemia, and lym- 
phocytosis about 13 months after diagnosis and has remained 
well since. No other patient has demonstrated spontaneous 
improvement. Patient | had a splenectomy following trau- 
matic splenic rupture 3 years before presentation. 

Hematologic laboratory examinations. With the excep- 
tion of patients | and 3, all showed neutropenia on hemato- 
logic laboratory examination (Table 2). Moderately severe 
anemia (less than 10 g/dL) was present in three patients 
(patients 6, 8, 11). Significant thrombocytopenia was found 
in only patient 4 and this responded completely to splenec- 
tomy with the platelet count remaining in the normal range 


Table 1. Clinical Features of Patients With LGL Lymphocytosis 





Treatment & 








No specific treatment; died 5 y 
after diagnosis from massive 


Splenectomy with improvement 
of anemia and thrombocytope- 


No specific treatment, sponta- 


High dose steroid with partial re- 
sponse. Sudden death 4 y af- 


Patients Age/Sex Splenomegaly Associated Disease Complications Response 
1 61/M Splenectomy Severe atherosclerotic disease, No infectious complications No specific treatment 
July 1981 chronic alcoholism 
2 57/M Moderate Rheumatoid arthritis Dermal infection, perianal ab- 
scesses 
intestinal infarction 
3 40/F None None No infectious complications No specific treatment 
4 57/F Moderate Chronic active hepatitis, systemic Multiple infectious complica- 
hypertension, asthma tions 
nia 
5 68/F None Corneal keratolysis, leg ulcers, None observed No specific treatment 
rheumatoid arthritis 
6 43/M Slight Severe apthous stomatitis Septicemia 
neous remission 
7 28/M None Pyoderma gangrenosum Dermal infections, perirectal 
abscess 
ter diagnosis 
8 66/F Marked Cardiac failure, chronic obstructive Respiratory tract and ear in- No specific treatment 
lung disease fection 
9 65/M None None Multiple infectious complica- Prednisone with no response 
tions 
10 30/M None Hematuria, warts Dermal infections No specific treatment 
11 75/F Slight Rheumatoid arthritis, diabetes mel- Dermal infections, pneumoni- 


litus 


tis 


Prednisone with minor increase 
in neutrophils 





None of the patients had lymphadenopathy aside from lymph nodes draining sources of infection. There were no skin infiltrates. Treatment refers to 


attempts at improving the neutropenia. 
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Table 2. Laboratory Findings of Patients With LGL Lymphocytosis 
Biood Bone Marrow Serum 
Hemoglobin ^ Neutrophiis Lymphocytes Platelets Lymphocytes Auto 
Patients {g/dL} {/cu mm) (/cu mm) Ucm mm) (96) Granulopoiesis ig Antibodies 
1 14.6 5,940 21,060 300,000 48 Normocelluiar, maturation Norm None detected 
orderly 
2 14.9 384 18,816 114,000 52 Moderately hypocellular, High Rheumatoid factor, anti- 
maturation arrest igG nuclear antibody 
IgA 
3 14.8 2,840 12,300 250,000 32.5 Normocelluiar, maturation Norm None detected 
orderly 
4 10.6 o 8,649 53,000 32.5 Hypocellular, maturation High Possible immune complex 
arrest IgG 
5 11.0 530 8,480 268,000 26 Normocelluiar, mild left High Rheumatoid factor, anti- 
shift IgA nuclear antibody 
6 8.7 413 6,408 204,000 37 Normocelluiar, left shifted Norm . Antinuclear antibody 
7 13.5 384 3,780 261,000 33 Hypocellular, maturation Norm None detected 
arrest 
8 9.8 391 2,496 124,000 16 Hypercellular, decreased High Rheumatoid factor, anti- 
proportion of segmented IgG nuclear factor, Cold au- 
forms toanti-Pl 
9 10.3 o 1,554 264,000 66.5 Hypocellular, mild left shift High Rheumatoid factor, anti- 
with decreased neutro- IgG nuclear antibody 
phils IgA 
10 13.6 110 952 248,000 34 Hypocellular, left shifted Norm Nat done 
11 8.8 208 936 182,000 35 Normocelluiar, maturation High Rheumatoid factor, anti- 
arrest IgG, nuclear antibody 
IgA 











Hemoglobin and platelet count values were obtained at the time of the initial bone marrow biopsy. The neutrophil counts were the lowest recorded 
values. The lymphocyte counts were those observed at the time of the initial surface marker studies. Minor fluctuations were observed in all the peripheral 
blood counts during follow-up examinations. For patient 4, the hemoglobin count and platelet count returned to normal after splenectomy accompanied 
by a progressive increase in lymphocyte count from the 3,000 range to the 8,000 range. Patient 6 underwent a spontaneous remission as described in 
the text. The lymphocyte count of patients 9 and 10 also decreased and has remained at the lower levels for over 3 years. Granulocyte cellularity was 
estimated from the marrow cellularity and the differential count as well as from the appearance of the histologic sections. The granulocyte series showed 
maturation arrest when the number of myelocytes and their precursors were five times that of the later cells. 


until the patient’s death 7 years later. Patient 8 presented 
with mild thrombocytopenia which resolved on subsequent 
determinations. Bone marrow examination showed mild to 
moderate lymphocytosis. Reticulin fibrosis (Fig 1) was pres- 
ent in ten patients and was unevaluable in one. The fibrosis 
was severe in one patient, moderate in six, and slight in two. 
Cellularity and maturation of the granulocytic series were 
variable. Cellularity was significantly decreased in five 
patients, slightly increased in one, and normal to slightly 
decreased in the remaining five patients. A left shift or 
maturation arrest of the granulocytic series at the myelocyte 
stage was seen in most marrow specimens from patients with 
neutropenia. Serum immunoglobulin levels were either nor- 
mal or increased. Antineutrophil antibodies were determined 
(kindly performed by Dr G.L. Logue) on the sera of patients 
4, 6, 7, 8, and 9 and was borderline increased in patient 4. 
Immunophenotypic heterogeneity. Surface marker de- 
terminations revealed considerable heterogeneity (Table 3). 
Two broad groups could, however, be delineated. Nine out of 
eleven patients had a proliferation of LGLs with the follow- 
ing basic phenotype: T11 +, T3+, T8+, T4—. In most of 
these patients, the cells were also Ml —, Leu 7+, Leull-, 
and NKH1—.LGLs from patient 4 were unusual in express- 
ing MI but not Leu 7. Furthermore, 24% of the peripheral 
blood lymphocytes (PBL) carried the NKHI antigen. Only 


33% of patient 9's PBL expressed Leu 7. There were, 
however, only 48% T8-- cells and the proportion of T3+, 
T8+ cells to Leu 7+ cells was comparable to those of 
patients 6, 7, and 8. 

The immunologic phenotype of LGLs from patients 1 and 
3 was distinctly different from the former group of patients. 





Fig 1. 


Reticulin stain of the trephine biopsy from patient 1 
showing a mocerate increase in reticulin fibers. This feature was 
present in all evaluable biopsies. Snooks reticulin, original magnifi- 
cation x 200. 
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Table 3. Surface Marker Studies on Peripheral Blood Lymphocytes 











LGL 
Markers {Absolute 
Number)/ 
Patients SIG ER(T 11) T3 T8 T4 Leu7 OKM1 FcyR Leu11 NKH-1 HLA-DR Percent cumm 

1 3/26/84* 50 10 (8) 0 81 93 (19586) 
1/3/85+ (98) 6 3 4 5 78 5 87 62 

2 7/80t 2 84 74 68 10 ie) 64 o 88 (16558) 

3 10/30/85t (98) 17 16 11 3 51 12 68 44 80 (98840) 

4 11/9/841 (92) 92 74 23 2 56 1 24 92 75 (6487) 

5 5/14/81* 7 71 79 82 [ 30 80 (6784) 

6 1/6/82* 3 75 99 99 1 64 [t 78 o 79 (5062) 
5/11/82t (100) 96 90 6 77 3 3 3 8 

7 5/27/81* 2 81 80 72 6 83 0 29, 55 10 79 (2986) 
11/9/82+ (100) 96 90 4 79 2 2 0 0 

8 3/11/85* 15 22(86) 62 20 83 82 87 (2172) 
3/11/85f (71) 94 64 10 80 2 10 o 31 

9 9/13/85* 23 82 84 50 41 58 (901) 
6/13/85t (84) 81 48 26 33 12 4 0 20 

10 8/17/82* 83 94 82 16 63 (600) 

11 6/8/81* 80 73 32 58 (543) 





*Experiment performed using the immunperoxidase method. 


+Markers demonstrated by the indirect immunofluorescence method and enumerated using flow cytometry. The number represents the percentage of 
lymphocytes positive for the marker. Percent LGL was obtained by enumerating the number of granular lymphocytes out of 200 lymphocytes on a 
Wright's stained blood smear prepared at or close to the time of the corresponding surface marker determination. The dates indicate the time when the 
test samples were obtained. Results of immunohistochemical and immunofluorescent assays generally corresponded well. The wide discrepancy in the 
percentage of cells bearing HLA-DR in patient 8 may be partly accounted for by the difference in the methodologies used. The fact that fresh cells were 
used in the former and cryopreserved cells used in the latter assay and different monoclonal antibodies were employed may also contribute to the 


difference. 


Their LGLs failed to react with anti-T3, T8, Leu 7, and Leu 
11. Most of the cells bore T11, M1, and NKHI antigens. 

The number of cells bearing the sheep red blood cell 
receptor was determined by both the rosetting technique and 
by the immunofluorescence assay using the monoclonal 
antibody T11. Discrepancies were often observed with the 
immunofluorescence assay giving higher values. 

Cytotoxic activities of the LGLs. Cytotoxicity assays 
showed that six out of six patients with LGLs of the T3+, 
T8 + phenotype had low or absent NK activity against K562 
(Table 4). Cells from patients 4, 6, and 7 were tested against 


a number of other target cells and no NK activity could be 
demonstrated (Fig 2). The cells from patient 8 showed very 
strong ADCC activity using P815 as the target cell. Cells 
from most of the other patients tested exhibited only moder- 
ate to low levels of cytotoxicity toward P815. Cells from 
patients | and 3 with the T11+, T3-, T8—, M1 + pheno- 
type, however, possessed powerful NK and ADCC activity. 
A wide spectrum of cells were tested for their susceptibil- 
ity to NK lysis by cells from patients | and 3. The three T cell 
lines CEM, MOLT-3, and KT were very sensitive, but HSB, 
RAJI, and all B lymphoblastoid cell lines tested were more 


Table 4. Cytotoxic Activity of the Patients' LGL 











Patients 
E/T Ratio Control 1 3 4 5 6 7 8 8 
NK 
100 34(10) 108(2) ND 4(2) 70) 3(3) 14(4) 14(1) 9(1) 
50 28(11) 107(3) 81(1) 4(3) 5(1) 13) 8(4) 9n) 500 
25 17(11) 92(3) 61(1) 1(3) Oo) 0(3) 5(3) 611) 4(4) 
10 24(3) 55(2) 57(1) ND ND ND 2(1) ND 103 
5 8(3) 25(2) 29(1) ND ND ND 100) ND ND 
ADCC 
100 71(2) 6612) ND 1700) ND O1 1200 ND ND 
50 44(11) 58(2) ND 14(2) ND 2(2) 10(3) 12001) 62í(1) 
25 25(10) 41(2) 90(1) 7(2) ND 12) 613) 105(1) 29(1) 
10 9(10) 9(2) 8611) 302) ND 0(2) 2(3) 62(1) ND 
5 0(2) 2(2) 84(1) on ND O(1) ND ND ND 





Abbrev: E/T ratio, effector to target cells ratio; ND, not done. 


The values given are the percent cytotoxicity expressed to the nearest integer and represent the mean of the number of experiments indicated in 
parenthesis. NK assays were performed using K562 cells and ADCC using the P815 cells as targets. 
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Fig 3. (A] NK and ADCC activity of 
the cells from patient 3 assayed when 
freshly isolated, at 12 hours, and three 
days after culture in RPM1 1640 with 10% 
fetal calf serum. Cytolytic function 
increased rapidly within 12 hours fol- 
lowed by slight or no further increase up 
to three days. The effector:target ratio 
was 25:1. (B) The changes in NK function 
of celis from patient 1 after five days of 
culture were similar to those observed in 
patient 3. Marked increase in lytic activity 
against HSB and RAJI was evident. There 
was also a modest activity against WIL 
but practically no NK function toward GN 
was observed. 
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Fig 4. (A) The typical morphology of LGLs. The cytoplasmic 
granules are generally small and not conspicuous. (B) Cells from 
patient 8 showed exceptionally large cytoplasmic azurophilic gran- 
ules (Wright Giemsa, original magnification x 1,000). 





Fig 5. 


(A) LGL from patient 8 showing that the large azuro 
ultrastructural level (arrow). (B) LGL from patient 1 containing cytoplasmic structures with the morphology of parallel tubular arrays 


(arrow) and dense core granules (arrowhead). 
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resistant (Fig 2). After culturing for 12 hours to five days, 
the cells from both patients acquired strong lytic activity 
against HSB, RAJI, and moderate activity against WIL but 
the other B lymphoblastoid cell lines (SB, GN, GHC) 
remained resistant. Cytolytic activity against K562 and 
antibody-coated P815 was also enhanced postculture (Figs 
3A, B). 

Morphology and cytochemistry of LGLs. Morphologi- 
cally, the LGLs from patient 8 were very distinctive in that 
they contained very large prominent granules (Fig 4B). The 
vast majority of LGLs from the other patients contained fine 
azurophilic granules (Fig 4A). Only occasionally were larger 
granules seen. Ultrastructurally, the large granules consisted 
of parallel tubular arrays (PTA) (Fig 5A) similar in struc- 
ture to those of the smaller granules in LGLs from patients 6 
and 7. The LGLs from patient | contained both PTA and 
dense core granules (Fig 5B) whereas those from patient 3 
contained almost exclusively dense core granules (Fig SC). 
The LGLs from all patients exhibited ACP and BG activity. 
ANAE could not be demonstrated. 

Response of type B LGL to IL-2 and TPA. The PBL 
from patient 1 proliferated vigorously in IL-2-containing 
medium and retained their basic T11 +, T3—, T8—. T4 


philic granules had the structure of parallel tubular arrays at the 


(C) LGL from patient 3 containing granules with an electron dense core surrounded by 


membrane (arrowhead). No parallel tubular arrays were observed. (Uranyl acetate and lead citrate, original magnification x25,190, 


current magnification x 21,411.) 
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phenotype. Strong NK activity also persisted (Fig 6). Cul- 
tured cells from patient 3 contained a substantial number of 
T3, T84 cells presumably derived from T3+ and T84 
cells present originally in the PBL. Repeat culture after 
eliminating T3+, T8+ cells from the PBL by complement- 
mediated lysis gave rise to cells with an almost identical 
phenotype to those of patient 1 (Fig 6). The cultured cells 
possessed very strong NK activity. PBL from both patients 
responded rapidly to TPA over a wide range of concentra- 
tions (Fig 7). The phenotype of the proliferating cells from 
patient | was similar to that of freshly isolated cells. A 
substantial number of T3 + cells was present in the culture of 
patient 2 probably resulting from proliferation of the residual 
normal T lymphocytes present as in the case of the IL-2 
culture. Cytolytic activity from TPA-activated cells was very 
much diminished in both patients (Fig 8). 


DISCUSSION 


The 11 patients in this study may be divided into 2 major 
types. Type A showed a proliferation of LGL with a pheno- 
type similar to that expressed by neonatal peripheral blood 
and normal adult bone marrow LGLs (Til, T3, T8+, 
T4-, M1 —).? The majority of patients belonged to this 
group (9/11) and all suffered from neutropenia. Autoanti- 
bodies were frequently present and rheumatoid arthritis was 
clinically diagnosed in three. The LGLs showed variable 
ADCC activity and only cells from patients 8 and 9 showed 
substantial activity against P815. NK activity was weak or 
absent. The overwhelming majority of cases of LGL lympho- 
cytosis reported in the literature have the Type A immuno- 
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Before and After Culture in IL-2 


Fig 6. Surface markers and NK activity of Type B LGL after 
culture in IL-2-containing medium. PBL from patient 3 were 
incubated with T3 and T8 with complement to eliminate reactive 
celis before culture. The phenotype of the cells after culture (six 
and 11 days for patients 1 and 3, respectively) remained essen- 
tially unchanged except for the decrease in M1-bearing cells and 
further increase in cells bearing HLA-DR and NKH1 antigens. The 
cytolytic activity of the cultured cells was enhanced. This was 
especially well illustrated when WIL was used as the target. The 
effector:target ratio was 10:1. 
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phenotype and clinicopathologic features. The case reported 
by Schlimok et al” had cells that also expressed the OKM l- 
defined antigen. That case is unusual since it was character- 
ized by a very high white count, marked splenomegaly, and 
the peripheral blood cells had strong NK activity. Itoh et al' 
reported another unusual case that was T3-- but T8—. The 
cells acquired NK function after overnight culture. 

The Type B phenotype (T11 4, T3-, T8—, TA-, MI +) 
was less frequently encountered in the present series (2/11 
patients). These two patients had not been followed as long 
as the other patients but no significant progression of their 
disease has been observed during the 8- and 5-month periods 
of observation. In contrast to the patients with Type A 
disease, they did not have neutropenia, autoantibodies, or 
hypergammaglobulinemia. The lack of clinical manifesta- 
tions attributable to the lymphocytosis and the absence of 
other hematologic abnormalities may fail to bring the Type B 
patients to medical attention. This may account for the low 
incidence of this type of LGL lymphocytosis since only 
patients with substantial peripheral lymphocytesis or an 
unusually aggressive clinical course’? would be detected. 
More Type B patients have to be studied, however, to 
determine whether the clinical features presented here are 
consistently observed in this type of LGL lymphocytosis. 

The Type B LGLs possessed very strong ADCC and NK 
activity. In addition to K562, they were able to lyse the three 
T cell lines tested. Culturing the cells in medium with 10% 
FCS expanded their cytolytic spectrum. HSB and RAJI 
which were initially relatively resistant became highly sus- 
ceptible, but the B lymphoblastoid cell lines were generally 
far less susceptible to lysis even when cultured effector cells 
were used. The increase in cytolytic activity was rapid with 
most of the changes occurring within the first 12 hours. The 
possibility of in vitro production by these cells of lympho- 
kines such as the interferons, that enhance cytotoxic func- 
tion, merits further investigation. 

Among the Type A patients, heterogeneity in morphology, 
immunophenotype, and function were observed. The expres- 
sion of T1 1, T3, and T8 was a consistent feature in the LGLs 
of this type of proliferation. The percentage of T11 + cells 
was always higher than the percentage of cells forming sheep 
red cell rosettes probably because of the disruption of some 
rosettes during the assay and the extent of disruption may 
depend on the density and avidity of the receptors. Leu 7, an 
antigen expressed by most normal LGLs, was present on a 
high proportion of cells in 4/5 Type A patients. LGLs from 
patient 4 did not express Leu 7, and were also unusual since 
they expressed M1, an antigen absent from all other Type A 
cases tested. The LGLs from patient 8 were morphologically 
distinctive since they contained very large granules. They 
also differed functionally from those of other patients by 
showing very strong ADCC activity against P815. 

In normal peripheral blood, most LGLs react with anti- 
Leu 11, a monoclonal antibody against a type of Fc receptor 
present also on granulocytes.” NKHI? is another mono- 
clonal antibody that reacts specifically with LGLs. Many but 
not all LGLs from normal subjects coexpress the antigens 
defined by these two antibodies. Cells from Type B patients, 
however, did not react with anti-Leu 11 but reacted well with 
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Fig7. Tritiated thymidine uptake on the 3rd day after 200004 

culture in various concentrations of TPA. Values for the 

normal control represent the mean of 3 experiments + 

the standard error of the mean. Two experiments were 10000 
performed on cells from patient 1 and one experiment on 

cells from patient 3. The concentration range of TPA 

effective in stimulating PBL from both normal individual 0 
and patient 1 was wide. It appeared to be narrower for 

PBL from patient 3. 


NKHI, suggesting that they were derived from the Leu 11—, 
NKHI + subpopulation. The Type A patients tested, how- 
ever, generally failed to react with either antibodies. It 
should be noted that a high proportion of cells from these 
patients had Fc receptors demonstrable by EA rosette forma- 
tion or other methodology both in the present series and in 
those reported in the literature.) 721216! It is possible that 
the EA rosette receptor and the Leu 11 antigen are two 
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Fig 8. Surface markers and NK activity of Type B LGL after 
culture in medium containing 107? mol/L TPA. The expression of 
T11, T3, TB, T4, and Leu 7 was assayed on the 5th day of culture. 
They were essentially unchanged for patient 1 but a substantially 
higher percentage of T3+, T8+, and T4+ cells was seen in 
cultures of PBL from patient 3 presumably from proliferation of 
T3+ lymphocytes initially present in the PBL. There was a marked 
progressive decrease in the NK activity of the cultured cells. This 
difference could not be accounted for by a dilution effect due to 
the increase in T3+ cells from patient 3 since over 40% of T11+, 
T3— cells were still present. The effector:target ratio was 25:1. 
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separable though closely associated entities. On the other 
hand, the Fc receptor on these LGLs may lack the Leu 11 
epitope or the orientation of the molecule is such that the 
epitope is not available for binding with the antibody. 
Posttranslational modification of the epitope rendering it 
nonreactive with the antibody is another possible explana- 
tion. 

The cytoplasmic granules of LGLs with different immu- 
nophenotypes contained the lysosomal enzymes acid phos- 
phatase and beta-glucuronidase. Ultrastructurally, the gran- 
ules of T3+, T8+ LGLs consisted almost exclusively of PTA 
with few dense core or lysosomal type granules. The granules 
from the LGLs of patient 3, a Type B patient, had the 
structure of dense core granules without PTA whereas the 
LGLs of patient 1 contained granules of both types. 

It is interesting to note that in rat LGL tumors, the 
granules have been shown to contain cytolytic factor(s). 
Contact of an LGL with a suitable target cell probably 
induces the release of granule contents producing membrane 
lesions similar to those caused by complement. It is highly 
probable that human LGL granules are functionally similar 
to rat LGL granules. Two types of granules, PTA and dense 
core granules, are, however, observed in human LGLs and 
their relationship is not clear. The LGLs with strong NK 
activity from patient 3 contained almost exclusively dense 
core granules. LGLs from patient 8 possessed very strong 
ADCC activity and those cells had granules with the struc- 
ture of PTA. If the granules in human LGLs are also the 
structure with the cytolytic factor(s), then both PTA and 
dense core granules would appear to be in the category of 
cytolytic granules. 

Bone marrow examination in both types of patients 
showed a variable degree of lymphocytic infiltration that did 
not always correlate with the peripheral LGL counts. 
Although Type A LGL Iymphocytosis showed a remarkable , 
association with neutropenia, the role of LGLs in its patho- 
genesis is still unclear. There were no uniform changes in the 
cellularity and maturation of the granulocytic series in these 
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patients. The neutropenia accounted for most of the morbid- 
ity and one fatality observed, while the death of another 
patient might also be caused by fulminant septicemia. This 
aspect of the disease deserves further emphasis and research. 
Reticulin fibrosis was observed in all evaluable bone marrow 
biopsies but to varying degrees. The fibrosis may represent a 
reaction of the marrow to the lymphocytic infiltration, or 
alternatively it may be induced by a lymphokine(s) liberated 
by the lymphocytes. 

The cell lineage of LGLs is not clear and may be heteroge- 
neous. Nine of our 11 patients demonstrated an expansion of 
cells bearing a number of T cell markers including T11, T3, 
and T8. Four of the five Type A patients studied had cells 
showing clonal rearrangement of the gene for the beta chain 
of the T cell receptor. Aisenberg et al? studied three 
patients with the same phenotype and also demonstrated 
clonal T-beta gene rearrangements in two. These findings 
offer additional strong evidence that LGLs with the T3+, 
T8 + phenotype belong to the T cell lineage. The monoclonal 
pattern of the T-beta chain gene rearrangement would also 
strongly imply a neoplastic rather than a reactive prolifera- 
tion of the LGLs.? Patient 6, one of those with evidence of a 
clonal proliferation, however, had a spontaneous remission 
that has lasted for over 2 years.” From the generally indolent 
course of this disease and the occurrence of spontaneous 
remissions,” it is evident that in most cases the monoclonal 
proliferation behaves in a clinically benign fashion and may 
not be entirely autonomous but rather retain a degree of 
immunoregulatory control. 

Type B cells expressed T11 but no other T cell antigens 
Since T3 is closely associated with the T cell receptor,“ it 
may be the most specific marker for mature T lymphocytes. 
The lack of this surface antigen may indicate that the LGLs 
from Type B patients do not belong to the T cell lineage in 
contrast to cells from Type A patients. The T-beta gene also 
appeared to remain in the germ line state on Southern blot 
analysis after BamH1 and EcoR1 digestion in both of our 
Type B patients." These results are similar to those recently 
reported by Rambaldi et al.*! 

Since the lineage of Type B LGLs is still unclear, attempts 
were made to stimulate the cells with IL-2 and TPA to 
observe changes that might define the origin of this type of 
cell. The LGLs from the two Type B patients proliferated 
well in both IL-2- and TPA-containing medium. The basic 
immunophenotype (T11+, T3—, T8—, T4—) of LGLs from 
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patient 1 remained unchanged. PBL from patient 3 con- 
tained about 18% T3-- cells and, after a period of culture 
with either IL-2 or TPA, about half of the cells were T3+. 
T3+ and T8+ cells were eliminated by complement lysis 
before culture. Eleven days after IL-2 stimulation, the 
cultured cells had an almost identical phenotype to the 
cultured cells of patient 1. This suggests that there was no 
conversion of T3— cells to T3+ cells and that T3+ cells 
present after culture were derived from T3+ cells in the 
PBL, presumably normal residual T lymphocytes. The PBL 
of these patients might contain other populations of NK cells 
with the T11+, T3— phenotype aside from the expanded 
population under study and they all might have responded to 
IL-2 and TPA. Since this phenotype was maintained during 
culture, the conclusion of the lack of conversion to the T3 + 
phenotype, however, still holds. It has been suggested that 
NK cells with an immunophenotype similar to our Type B 
LGLs are a form of pre-T lymphocyte.? We have not been 
able to induce expression of T3 or other T cell markers on 
these cells. It is possible that these cells have undergone the 
initial phase of T cell development as indicated by the 
expression of T11, an antigen detected in early T cell 
ontogeny, but that they are unable to proceed further along 
the T cell differentiation pathway. Alternatively, these cells 
may belong to a separate lineage. Although both IL-2 and 
TPA induced proliferation of Type B LGLs, they had 
different influences on the NK function of the stimulated 
cells. Cells grown in IL-2 demonstrated enhanced cytolytic 
activity while those grown in TPA had markedly diminished 
NK function. The mechanism by which these agents alter 
NK cell function, whether directly or indirectly via mono- 
cytes or other cells in the same culture, is an interesting 
subject for future research. 
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Regulation of Human Monocyte Surface Antigen Expression. I. Up-Modulation 
of Mo3e Antigen Expression on U-937 and HL-60 Cells Stimulated by 
Pharmacologic Activators of Protein Kinase C 


By Robert F. Todd Ill, Martin J. Bury, Patti A. Alvarez, David A. Brott, and David Y. Liu 


Mo3e is a protein (p 50,80) that is expressed on the surface 
of human monocytic cells after exposure in vitro to soluble 
activating factors that include bacterial lipopolysaccharide, 
muramyl dipeptide, and phorbol myristate acetate (PMA). 
The surface expression of Mo3e may represent a cellular 
event that occurs in response to the formation of ‘‘secon- 
dary messengers” that include diacylglycerol, inositol tris- 
phosphate, and calcium ions. This postulate is based on the 
stimulatory effect of agents that can mimic the activity of 
endogenous diacylglycerol (PMA and other biologically 


E HAVE RECENTLY REPORTED the identifica- 
tion of a plasma membrane antigen, Mo3e, that is 
expressed by human peripheral blood monocytes activated in 
culture by exposure to bacterial lipopolysaccharide, mura- 
myl dipeptide, or biologically active phorbol compounds.’ 
Mo3e, which consists of two polypeptides of 50 and 80 kd on 
Western blot analysis,? may represent the surface receptor 
for migration inhibitory factor (MIF), as evidenced by 
inhibition of monocyte MIF responsiveness produced by 
anti-Mo3e monoclonal antibody.’ 

In this report, we extend these initial observations with a 
consideration of the signal transduction pathways that may 
regulate the up-modulated expression of Mo3e on the surface 
of human mononuclear phagocytes. By immunofluorescence 
analysis, we demonstrate the up-modulated expression of 
Mo3e on the surface of human myeloid cell lines U-937 and 
HL-60 that have been exposed to agents that mimic the 
activity of endogenous diacylglycerol (phorbol myristate 
acetate [PMA] and other biologically active phorbol com- 
pounds, mezerein, and L-a-1,2 dioctanoylglycerol) or inositol 
trisphosphate (ionomycin), “second messengers” in the sig- 
nal transduction pathway that involves the activation of 
phospholipid- and calcium-dependent protein kinase (protein 
kinase C) (see reference 4 for review). The involvement of 
this pathway is further supported by the inhibitory effect of 
phospholipid-active calmodulin inhibitors (trifluoperazine, 
chlorpromazine, and dibucaine?5), EGTA, and intracellular 
calcium antagonists (nicardipine and TMB-8"*) on PMA- 
stimulated Mo3e expression. 
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active phorbol compounds, mezerein, and t-a-1,2 diocta- 
noylglycerol) and inositol trisphosphate (ionomycin) on 
Mo3e expression by U-937 and HL-60 cells. The inhibitory 
effect of phospholipid-active calmodulin inhibitors (trifluo- 
perazine, chlorpromazine, and dibucaine), calcium antago- 
nists (nicardipine and TMB-8), and EGTA further support 
the involvement of phospholipid- and calcium-dependent 
protein kinase (protein kinase C) and calcium ions in the 
up-modulation of Mo3e surface expression. 

© 1986 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Media and reagents The following media and tissue culture 
additives were purchased from GIBCO Laboratories (Grand Island, 
NY). RPMI 1640 (320-1875), L-glutamine 200 mmol/L (320- 
5030), and penicillin-streptomycin solution (600-5070). Fetal calf 
serum (FCS) was purchased from HyClone Laboratories (Logan, 
Utah). Lots of RPMI 1640 and FCS were preselected for low 
endotoxin activity (<0.1 ng/mL) The following reagents were 
purchased from Sigma Chemical Company (St Louis): 48-phorbol 
(P; P8893); 46-phorbol 12,13-dibutyrate (PDB, P1269); 48-phorbol 
12,13-didecanoate (@PDD; P9018); 4a-phorbol 12,13-didecanoate 
(aPDD; P8014); 4f-phorbol 12-myristate 13-acetate (PMA; 
P8139); dimethyl sulfoxide (DMSO; D5879); trifluoperazine dihy- 
drochloride (18516); chlorpromazine hydrochloride (C8138), dibu- 
caine hydrochloride (D0638); nicardipine hydrochloride (N7510); 
3,4,5-trimethaxybenzoic acid 8-(diethylamino)-octyl ester hydro- 
chloride (TMB-8; T0517), ethylene glycolbis (8-amino-ethy! ether) 
N, N’, N'-tetra-acetic acid (EGTA, E4378); and trans retinoic acid 
(R2625) Mezerein (M4600) was purchased from LC Services Corp 
(Woburn, Mass). L-a-1,2 Dioctanoylglycerol (800800) and L-a- 
1-oleoyl-2-acetoyl-sn-3-glycerol (800100) were purchased from 
Avanti Polar Lipids, Inc (Birmingham, Ala). lonomycin from 
Streptomycin conglobatus (407952) was purchased from CalBio- 
chem (San Diego) 1,25-Dihydroxycholecalciferol (Ro21-5535) was 
a gift of Dr M.R Uskokovic (Hoffman-La Roche Inc, Nutley, NJ) 
The phorbol compounds, mezerein, TMB-8, and ionomycin were 
dissolved in dimethyl sulfoxide (DMSO) and stored as a stock 
solution at —80°C Stock solutions of nicardipine, 1,25-dihydroxy- 
cholecalciferol, and trans retinoic acid were prepared in 100% 
ethanol and stored at —80 °C. Just before use, working solutions of 
L-a-1,2 dioctanoylglycerol or L-a-1-oleoyl-2-acetoyl-sn-3-glycerol 
were prepared by evaporating the chloroform diluent under N; and 
dissolving the residue in 100% ethanol. 

Monoclonal antibodies. The generation and characterization of 
monoclonal antibodies anti-Mo1 (IgM), anti-Mo2 (IgM), anti- 
Mo3e (IgM), ant-Plt 1 (IgM), anti-J13 (IgM)," anti-Mbl 
(IgG1),? and anti-9;M (IgG2b)" have been described. Anti-J13 
and £,M were gifts of Drs Jerome Ritz and Lee Nadler (Dana- 
Farber Cancer Institute, Boston) Antibody-containing ascites were 
used in all immunofluorescence assays 

Human cell lines. The human histiocytic lymphoma cell line 
U-937"* and the promyelocytic leukemia cell line HL-60" were 
obtained from Dr Thomas Huard (Simpson Memorial Research 
Institute, Ann Arbor, Mich) and grown in RPMI 1640-FCS (RPMI 
1640 medium supplemented with 10% FCS, L-glutamine 2 mmol/L, 
penicillin 50 U/mL, and streptomycin 50 ug/mL). The cell lines 
were maintained in log growth phase by thrice-weekly feeding. 

Culture of cell lines with various reagents. In experiments 
designed to assess the effect of various reagents on the expression of 
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UP-MODULATION OF Mo3e ANTIGEN EXPRESSION 


Mo3e by cultured U-937 and HL-60 cells, 3 to 4 x 10? cells were 
incubated in 100-mm plastic culture dishes (Falcon Plastics, 
Oxnard, Calif) containing fresh 1640-FCS to which various chemi- 
cal agents were added (to a total volume of 10 mL). The final 
concentration of DMSO or ethanol, which was used as an initial 
diluent for certain reagents as indicated earlier, did not exceed 0.4% 
and cultures containing appropriate quantities of DMSO or ethanol 
were run in parallel to control for any minor diluent effects. In 
certain experiments, U-937 cells were preincubated for one hour at 
37°C in 1640-FCS containing PMA, washed three times, and 
incubated in 10 mL of PMA-free 1640-FCS for various durations. 
Cultures were incubated at 37 °C in a humidified atmosphere of 5% 
CO, in air for 22 to 120 hours. For culture durations exceeding 48 
hours, 5 mL of fresh 1640-FCS was added to each culture dish At 
the end of culture, medium containing nonadherent cells were 
removed and combined with adherent cells harvested by exposure to 
0.5 mmol/L EDTA followed by scraping.' These recovered nonad- 
herent and adherent cells were washed, counted (viability assessed 
by trypan blue exclusion), and resuspended in wash medium (phos- 
phate-buffered saline supplemented with glucose 1 mg/mL and 
2.5% human pooled AB serum) at a concentration of 5 to 20 x 106 
cells per milliliter for subsequent immunofluorescence staining. In 
experiments in which U-937 cells were cultured for 24 to 48 hours in 
the presence of various chemical additives, cell viability generally 
exceeded 80% U-937 and HL-60 cells cultured for 72 to 120 hours 
in medium contaming PMA at a concentration of >2 nmol/L 
(HL-60) or 5 nmol/L (U-937) experienced a gradual decline in 
viability that reached 40% to 50% by 96 to 120 hours. 
Immunofluorescence flow cytometric analysis. Aliquots (100 
uL) containing 05 to 2.0 x 10$ cells were subjected to indirect 
immunofluorescence staining for the expression of Mo3e (and other 
cell surface markers) relative to background staining using an 
IgM-negative control reagent (anti-J13 or Plt 1), as described.! 
Intact (live) cells were selected by gating (log forward angle v log 
90° light scatter). Immunofluorescence intensity as a measure of 
relative antigen expression was analyzed on a Coulter Electronics 
(Hialeah, Fla) EPICS C flow cytometer with the use of a logarith- 
mic amplifier. The channel number (log scale) representing the 
mean fluorescence intensity (major fluorescence peak) of 5,000 cells 
exposed to either experimental or isotype-identical negative control 
antibodies was determined. The corresponding linear fluorescence 
intensity channel was calculated from a logarithmic-linear calibra- 
tion formula.'* Specific fluorescence intensity represents the com- 
puted mean channel number (0 through 296 channels, linear scale) 
of cells stained with the experimental monoclonal antibody minus 
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the mean channel of cells stained with the negative control reagent. 
To enhance the comparison in specific fluorescence intensity 
between unstimulated and stimulated cells, individual experiments 
were often performed by using different fluorescence gains (as 
determined by the photomultiplier tube [PMT] setting), and the 
gain in millivolts 1s shown where indicated (fluorescence gain within 
a given experiment was held constant). For each experiment, the 
mean fluorescence intensity (linear channel number) of cells stained 
with the negative control antibody is indicated. 


RESULTS 


PMA stimulates a dose- and time-dependent increase in 
U-937 Mo3e expression. Exposure of U-937 cells to PMA 
stimulates an up-modulation in the surface expression of 
Mo3e.' As shown in Table 1, the magnitude of Mo3e 
expression depends on the concentration of PMA to which 
the cells are exposed. Either continuous culture of U-937 
cells in medium containing 5 to 10 nmol/L PMA (experi- 
ments | and 2) or pulse (one hour) exposure of cells to 50 to 
100 nmol/L PMA (experiments 3 and 4) results in maximal 
Mo3e surface density after 24 hours of incubation. The 
surface expression of plasma membrane antigens Mb1?? and 
BM is relatively unaltered by this treatment, indicating the 
specificity of Mo3e up-modulation in response to PMA. 
Culture of U-937 cells for up to 120 hours either in the 
continuous presence of PMA (Table 2, experiments 1 and 2) 
or after pulse PMA exposure (experiment 3) stimulates a 
further increase in surface Mo3e expression, which is accom- 
panied by a loss of proliferative activity (data not shown). 

PMA stimulates the expression of Mo3e by HL-60 cells 
coincident with monocytic differentiation. We! and oth- 
ers'*”° have previously shown that culture of HL-60 pro- 
myelocytic cells in medium containing PMA results in their 
differentiation into monocytic cells that acquire the expres- 
sion of several myelomonocytic surface antigens. As shown in 
Table 3, these PMA-cultured cells also express Mo3e after 
72 to 96 hours of incubation. However, exposure of HL-60 
cells to 1,25-dihydroxycholecalciferol (D3), which also 
induces monocytic differentiation??? (as evidenced by the 
appearance of intense nonspecific esterase activity [not 
shown] and the acquired expression of antigens Mol and 


Table 1. Mo3e Expression Stimulated by Continuous or Pulse Exposure of U-937 Cells to Various Concentrations of PMA 














Continuous PMA Exposure 60-Minute Pulse PMA Exposure 
PMA Experiment 1 Expenment 2 PMA Experiment 3 Experiment 4 
(nmol/L) Mo3e Mb1 Mo3e (nmol/L) Mo3e Mb1 Mo3e B;M 
10 66.47 (0.37) 26.67 44.05 (0.36) 100 — 57.36 (0.40) 68.42 
5 48.12 (0.36) 26.68 41.52 (0.37) 50 47 74 (0.74) 2195 46.63 (0.45) 76.90 
2.5 40.33 (0.36) 25.14 36 90 (0.38) 10 28 03 (0.63) 16 82 27.39 (0 45) 83.98 
125 16 58 (0.36) 34.80 31 85 (0.36) 5 21.43 (0 61) 21.43 18.03 (0.47) 89.04 
062 7.35 (0 35) 3282 14.29 (0 35) 1 5 31 (0.61) 19 58 — = 
031 3.59 (0 35) 29.16 4.10 (0.32) o 2.05 (0.49) 19.70 1.19 (0.40) 65.64 
0 2 12 (0.35) 26 69 1.04 (0 34) 





U-937 cells were cultured (3 to 4 x 10° cells per milliliter) for 24 hours in 1640-FCS containing the indicated concentrations of PMA (experiments 1 
and 2) or after a 60-minute pulse exposure to the indicated concentrations of PMA followed by washing (experiments 3 and 4) After culture, the cells 
were stained by indirect immunofluorescence for the expression of Mo3e, Mb1, or 82M. In a separate experiment, Mo3e expression by isolated adherent 
and nonadherent fractions (see Materials and Methods) was nearly identical (not shown) PMT settings for experiments 1, 2, 3, and 4 were 1,050, 
1,000, 1,000, and 1,000 mV, respectively Numbers indicate specific fluorescence intensity as calculated m Materials and Methods. Numbers in 
parentheses indicate fluorescence intensity of cells stained with a negative control antibody 
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Table 2. Mo3e Expression Stimulated by Exposure of U-937 Cells to PMA as a Function of Culture Duration 





Experiment PMA 24 48 
1 4 nmol/L 16.62 (0 32) — 
o 1 21 (0.34) = 
2 5 nmol/L 21 07 (0.33) — 
0 0.40 (0.30) m 
3 50 nmol/L 58 77 (0 70) 87.72 (1 79) 
0 2.99 (0 61) 2.50 (0.44) 


TODD ET AL 
Duration of Culture (hours) 

72 96 120 

50 87 (0.52) — 70.02 (0.84) 

1 00 (0.30) — 0.47 (0.32) 

63.33 (0.49) = 129.53 (1.30) 

0.29 (0.25) — 0.14 (0 30) 
203 00 (5.75) 230 30 (11.26) — 
2.12 (0.49) 2.70 (0.51) = 





U-937 cells were cultured (3 to 4 x 10% cells per milliliter) for 24 to 120 hours in 1640-FCS containing the indicated concentrations of PMA (or 
DMSO diluent [0]) (experiments 1 and 2); in experiment 3, U-937 cells were exposed to PMA (or DMSO diluent) for 60 minutes at 37 °C, washed, and 
cultured in PMA-free medium. At the end of incubation, the cells were stained by indirect immunofluorescence for the expression of Mo3e. In a separate 
experiment, Mo3e expression by isolated adherent and nonadherent fractions was nearly identical (not shown). PMT settings in experiments 1, 2, and 3 
were 1,000, 950, and 1,050 mV, respectively. Numbers indicate the specific fluorescence intensity as calculated in Materials and Methods. Numbers in 
parentheses indicate fluorescence intensity of cells stained with a negative control antibody 


Mo2 [Table 3]), and to agents that stimulate granu- 
locytic differentiation (DMSO, 1.296, and retinoic acid, 1 
pmol/L”) (data not shown) does not result in significant 
Mo3e expression (Table 3). Monocytic differentiation of 
HL-60 cells stimulated by 72 hours’ exposure to D, does, 
however, “prime” these Mo3e-negative cells to respond more 
rapidly to a subsequent PMA stimulus with the appearance 
of Mo3e after only 24 hours of culture (Table 4). These 
observations demonstrate that the acquired expression of 
Mo3e is not an invariant feature of monocytic differentiation 
per se, but rather its appearance in this HL-60 line is a 
selective response to PMA.* 

Association between Mo3e up-modulation and protein 
kinase C activation. Mo3e surface expression on mono- 
cytes and U-937 cells is stimulated not only by PMA, but 
also by other compounds that activate calcium-and phospho- 
lipid-dependent protein kinase (protein kinase C). As shown 
in Table 5, 24-hour culture of U-937 cells in medium 
containing 5 nmol/L PMA, PDB, GPDD, or mezerein results 
in a reproducible up-modulation of Mo3e surface expression 
(the biologically inert compounds aPDD and P are inactive). 
These observations suggest an association between stimula- 
tion of Mo3e up-modulation and protein kinase C activation. 
This notion is further supported by the fact that exposure of 
U-937 cells to a diacylglycerol compound (the endogenous 
activator of protein kinase C^) likewise results in a reproduc- 
ible increase in Mo3e surface density. As indicated in Table 
5, repetitive doses of L-a-1,2 dioctanoylglycerol (final con- 
centration of 0.13 to 0.14 mmol/L of this rapidly metabo- 


*The possibility that protein kinase C activation may be involved 
in monocytic differentiation of HL-60 cells stimulated by 1,25- 
dihydroxycholecalciferol (D,) has, however, been suggested by 
Matsui et al, who reported a partial inhibition of HL-60 differentia- 
tion by a selective inhibitor of protein kinase C.” In examining 
several sublines of both HL-60 and U-937 (from different sources) 
for Mo3e expression after D, exposure, we have observed consider- 
able heterogeneity, ranging from little or no stimulation (eg, the 
HL-60 line used in this report [Table 3 and 4]) to Mo3e expression 
comparable to that stimulated by PMA (a consistent inducer of 
Mo3e expression ın all sublines tested) (R.F.T. III, unpublished 
observations, January 1986). This heterogeneity 1n response to D; 
among distinct sublines is consistent with the findings of others.” 


lized compound?”*) induces a fourfold to eightfold increase 
in Mo3e surface expression after 24 hours of culture relative 
to parallel diluent (ethanol)-treated control cells. Exposure 
of U-937 cells to another cell-permeable diacylglycerol com- 
pound, L-o-oleoyl-2-acetoyl-sn-3-glycerol, also induces an 
up-modulation in surface Mo3e expression (not shown). On 
the basis of these findings, we postulate that the up- 
modulated expression of Mo3e may be among the cellular 
responses initiated by protein kinase C activation. 

Modulation of PM A-induced Mo3e surface expression by 
agents that influence calcium metabolism. Intracellular 
calcium is required as a "second messenger" in the initiation 
of certain biological responses stimulated by protein kinase C 
activation. To determine whether Mo3e up-modulation is 
among these calcium-dependent kinase-stimulated re- 
sponses, we assessed the effect of the calcium ionophore 
ionomycin on Mo3e expression stimulated by PMA. As 
shown in Fig 1, ionomycin (which may mimic the effect of 
endogenous inositol 1,4,5- trisphosphate in mobilizing cal- 
cium ions from intracellular stores*??") has a synergistic 
effect on Mo3e expression stimulated by PMA. In a series of 
five experiments, the addition of ionomycin 2 umol/L to 
cultures containing PMA 0.5 to 1.0 nmol/L resulted in a 3.1 
(+1.1)- to 1.8 (+0.5)-fold increase, respectively, in Mo3e 
expression above that seen in cells exposed to PMA alone. 

The requirement for.calcium ions in the regulation of 
surface Mo3e expression is also suggested by the inhibitory 
effect of several “calcium antagonists.” As indicated in 
Table 6, PMA-stimulated Mo3e expression is blocked by the 
inclusion of trifluoperazine, chlorpromazine, or dibucaine. 
This class of compounds is known to inhibit calmodulin- 
dependent responses!'? but may also block calmodulin- 
independent protein kinase C activation.” Mo3e up-modula- 
tion is also inhibited by nicardipine and TMB-8, agents that 
block intracellular mobilization and calcium influx into 
mammalian cells ^59 A requirement for extracellular cal- 
cium for PMA-stimulated Mo3e expression 1s supported by 
the inhibitory effect of EGTA (which is reversed by the 
addition of calcium, but not magnesium, ions). 

These observations taken together suggest the importance 
of both extracellular and intracellular calcium in the promo- 
tion of Mo3e up-modulation stimulated by PMA. 
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Table 3. Mo3e Expression Stimulated by Exposure of HL-60 Cells to PMA but not to 1,25-Dihydroxycholecalciferol (D3) 











72h 96h 
Experiment Additive Mo1 Mo2 Mo3e Mo1 Mo2 Mo3e 
1 PMA (4 nmol/L) 1207 1.76 71.22 (1.74) 10.11 1.76 68 32 (2.54) 
0 0.37 0.15 0.34 (0.66) 009 0.04 0.04 (0.40) 
D, (0.1 umol/L) 184 51.73 0.00 (0.19) 3.23 60.65 0.00 (0.59) 
0 0.36 0.00 0.08 (0 64) 009 0.33 0.06 (0.39) 
2 PMA (4 nmol/L) — — — 2.51 — 55.40 (0.70) 
[*] — — — 0.10 — 0.53 (0.47) 
D; (0.1 umol/L) — — — 15.05 — 0.23 (0.47) 
0 — — — 0.14 — 0.28 (0 49) 
3 PMA (4 nmol/L) 1.64 0.12 20 91 (0.49) 3.82 000 19.66 (3.03) 
0 0.00 0.00 0.02 (0.33) 0.02 0.00 0.02 (0 61) 
D, (0.5 pmol/L) 0.45 2.29 0 04 (0.32) 1.77 8 55 O 11 (0.63) 
0 0.05 0.05 0 05 (0.29) 0.05 0.00 0.00 (0 79) 
4 PMA (4 nmol/L) 2.24 0.00 40 08 (0.61) = — sa 
0 0.02 0.01 0 05 (0.31) = = = 
D, (0.5 pmol/L) 1.59 4.52 O 11 (0.31) — — — 
0 0.02 0.02 0.05 (0.30) = = = 





HL-60 cells were cultured (3 to 4 x 10* cells per milliliter) for 72 to 96 hours in 1640-FCS containing the indicated concentrations of PMA (or DMSO 
diluent [O]) or 1,25-dihydroxycholecalciferol (D4) (or ethanol diluent [O]). After culture, the cells were stained by indirect immunofluorescence for the 
expression of Mo1, Mo2, and Mo3e PMT setting in experiments 1, 3, and 4 were 1,100 mV; in experiment 2, 1,200 mV. Numbers indicate specific 
fluorescence intensity as calculated in Materials and Methods. Numbers in parentheses indicate fluorescence intensity of cells stained with a negative 
control antibody. 


Table 4. Expression of Mo3e Stimulated by Exposure of D,-Differentiated HL-60 Cells to PMA 


D, PMA Experiment 1 Experiment 2 Experiment 3 
(x72 h) (x24 h) Mo1 Mo2 Mo3e Mo1 Mo2 Mo3e Mo1 Mo2 Mo3e 
O 5 umol/L 4 nmol/L 321 13.20 11.68 (0.61) 3 96 45.37 9.09 (0.36) 252 29.00 9.80 (0.51) 
0 4 nmol/L 011 0.09 2.69 (0.52) 0.06 0.07 0.90 (0.32) 0.08 0.03 1.07 (0.39) 
O 5 pmol/L 0 1.67 5.87 0.13 (0.59) 4.25 57.46 O 12 (0.30) 492 52.41 1 08 (0.51) 
0 0 0 10 0.16 0.23 (0.54) 0.03 007 0 00 (0.32) 0 06 0 02 0.00 (0.42) 





HL-60 cells were cultured (3 x 10° cells per milliliter) for 72 hours in 1640-FCS with the indicated final concentrations of 1,25-dihydroxy- 
cholecalcrferol (D3) (or ethanol control [0]). PMA (or DMSO control [0]) was then added and the incubation continued for an additional 24 hours. After 
culture, the cells were stained by indirect immunofluorescence for the expression of Mo1, Mo2, or Mo3e. PMT setting in all three experiments was 1,100 
mV. Numbers indicate the specific fluorescence intensity as calculated in Materials and Methods. Numbers in parentheses indicate fluorescence intensity 
of cells stained with a negative control antibody. 


Table B. Expression of Mo3e Stimulated by Exposure of U-937 Cells to Diacylglycerol (DG) and 
Other Agents That Activate Protein Kinase C 





Specific Fluorescence Intensity (Mo3e) 








Additive Experiment 1 Experiment 2 Experiment 3 Experiment 4 
DG (0.13 mmol/L) 7 39 (0.54) 5.45 (0 30) 13 73 (0.49) 19.17 (0.44) 
Ethanol (0 26%) 0.88 (0.31) 1 27 (0 32) 2.21 (0.48) 3.32 (0.39) 
PMA (5 nmol/L) 44.02 (0.39) 33.82 (0.33) 53.86 (0.63) 32.40 (0.77) 
PDB (5 nmol/L) 3.50 (0.32) 7.18 (0.30) 9 50 (0.52) = 
BPDD (5 nmol/L) 25.15 (0.35) 21.07 (0.33) 42.55 (0.59) — 
Mezerein (5 nmol/L) 16.60 (0.34) 23.05 (0.31) 26.52 (0.52) — 
aPDD (5 nmol/L) 0.85 (0 34) 1.34 (0.30) 2.26 (0.51) = 
P (5 nmol/L) 1 12 (0 34) 1.44 (0.30) 1.72 (0.54) = 
DMSO (0.00034%) 0 75 (0.34) 1.77 (0.30) 1.93 (0.54) 1.75 (0 44) 





U-937 cells were cultured (3 x 10° cells per milliliter) for 24 hours in 1640-FCS containing the indicated final concentrations of additives DG (t-a-1,2 
dioctanolglycerol) was added as a loading dose (50 umol/L), followed by eight to nine hourly doses of 10 umol/L (ethanol diluent was added to control 
cultures in parallel). In experiment 3, the final DG concentration was 0.14 mmol/L (final ethanol concentration was O 2896) In a separate experiment, 
Mo3e expression by isolated adherent and nonadherent fractions after DG exposure was nearly identical (not shown) PMT setting in experiments 1 and 4 
were 1,100 mV; in experiments 2 and 3, 1,150 mV. Numbers indicate the specific fluorescence intensity as calculated in Materials and Methods. 
Numbers in parentheses indicate fluorescence intensity of cells stained with a negative control antibody. 
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N — lonomycin 


L] + lonomycin 24M 


SPECIFIC FLUORESCENCE INTENSITY 


PMA CONCENTRATION (aM) 


Fig 1. Synergism between ionomycin and submaximally stim- 
ulatory concentrations of PMA in up-modulating surface Mo3e 
expression on U-937 cells. U-937 cells (3 to 4 x 10°/mL) were 
cultured for 24 hours in medium containing the indicated concen- 
trations of PMA (X-axis) in the absence (IM) or presence (O) of 
ionomycin 2 mol/L. After culture, the cells were stained by 
indirect immunofluorescence for the expression of Mo3e as indi- 
cated on the Y-axis (specific fluorescence intensity as calculated in 
Materials and Methods). The fluorescence gain in experiments 1 
and 2 was 1,050 and 1,200 mV, respectively. Fluorescence inten- 
sity of cells stained with a negative control antibody ranged from 
0.27 to 0.33 (experiment 1) and from 0.31 to 0.43 (experiment 2). 


DISCUSSION 


In a variety of cellular systems, the effector response to 
external stimuli relies on signal transduction pathways that 
use "second messengers" to trigger effector kinases. Included 
among these second messengers are diacylglycerol and inosi- 
tol trisphosphate (end products of receptor-mediated phos- 
phatidylinositol hydrolysis), which activate protein kinase C 
and mobilize intracellular calcium ions, respectively.* In this 
report, we suggest that the surface expression of Mo3e may 
be among those cellular responses that are regulated by the 
generation of intracellular second messengers. We base this 
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postulate on the following experimental observations: 

(a) PMA and other biologically active phorbol com- 
pounds stimulate the expression of Mo3e by monocytes, 
U-937 cells, and HL-60 cells. Culture of monocytes and 
U-937 cells in medium containing PMA, PDB, or BPDD 
results in a marked increase in surface Mo3e expression that 
is easily detectable by immunofluorescence analysis within 
24 hours (ref ] and Tables 1, 2, and 5). HL-60 promyelocytic 
cells likewise become Mo3e positive after 72 hours of PMA 
exposure coincident with the expression of other monocytic 
features (Table 3). Surface Mo3e expression is not, however, 
an invariant marker of monocytic differentiation, since the 
majority of D,-stimulated HL-60 cells remain Mo3e nega- 
tive (Table 3) unless subsequently exposed to PMA (Table 
4). Because PMA and related compounds can mimic the 
activity of endogenous second messenger 1,2-diacylglycerol 
by directly stimulating protein kinase C,** we speculate 
that surface Mo3e expression by human myeloid cells is a 
biological response to protein kinase C activation. Consistent 
with this notion is the fact that mezerein, although structur- 
ally dissimilar to PMA, activates protein kinase C” and, like 
PMA, induces surface Mo3e expression. Even more sig- 
nificant, surface Mo3e expression is also stimulated by 
exogenous membrane-permeable 1,2-diacylglycerol (L-c-1,2 
dioctanoylglycerol [Table 5] or L-a-l-oleoyl-2-acetoyl-sn- 
3-glycerol) (cf references 27 and 28). Thus, these data 
suggest an association between the induction of Mo3e sur- 
face expression and protein kinase C activation by a variety 
of substitute second messengers that include PMA, PDB, 
BPDD, mezerein, and synthetic 1,2-diacylglycerol. 

(b) Surface Mo3e expression is stimulated or inhibited 
by exposure of U-937 cells to agents that modulate the 
concentration of intracellular or extracellular calcium 
ions. Although the calcium ionophore ionomycin has little 
or no direct stimulatory effect on surface Mo3e expression, 
the combination of ionomycin 2 umol/L with submaximally 
stimulatory concentrations of PMA (0.5 to 1.0 nmol/L) 
results in a synergistic increase in surface Mo3e density (Fig 
1). Because ionomycin or calcium ionophore A23187 can 
mimic the effect of another second messenger, inositol tris- 


Table 6. Inhibition of PMA-Stimulated Mo3e Expression by Calmodulin Inhibitors, Calcium Antagonists, and EGTA 





Inhibition of Mo3e Expression (96) 








(PMA Concentration) 

Inhibitor 05 nmol/L 1 nmol/L 5 nmol/L 
Trifluoperazine (O 01 mmol/L) 77 +13 80 + 11 53 + 20 
Chlorpromazine (0 02 mmol/L) 79 +11 79+3 80 +1 
Dibucaine {0 1 mmol/L) 97 x3 84 + 14 73 € 3 
Nicardipine (0.02 mmol/L) 86 + 12 77 x 7 40 x 13 
TMB-8 (0.1 mmol/L) 64 +9 58 + 15 52 + 15 
EGTA (1 5 mmol/L) — — 90-2 
EGTA (1.5 mmol/L) + CaCl, (2.0 mmol/L) — — —-1+5 
EGTA (1 5 mmol/L) + MgCl, (2.0 mmol/L) — — 87 +5 





U-937 cells were cultured (3 x 10? cells per milliliter) for 22 hours in 1640-FCS contaming the indicated concentrations of inhibitors and PMA 
(inhibitors added one hour before PMA) After culture, the cells were stained by indirect immunofluorescence for the expression of Mo3e. Specific 

* immunofluorescence intensity for each population was determined (Materials and Methods), the percentage of inhibition of Mo3e specific 
1mmunofluorescence in cultures containing inhibitor relative to that of cultures with no inhibitor was calculated. Mean percentage + SD of two to four 


separate determinations. 
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phosphate, in mobilizing cytosolic calcium ions from intra- 
cellular stores (endoplasmic reticulum),*?? we postulate 
that calcium may play a regulatory role in surface Mo3e 
expression. With this hypothesis in mind, we examined the 
effect of various agents that might antagonize the metabo- 
lism or influx of calcium ions. As shown in Table 6, we found 
that trifluoperazine, chlorpromazine, or dibucaine each con- 
sistently inhibited U-937 Mo3e surface expression stimu- 
lated by PMA. Although they are known as “calmodulin 
inhibitors” by virtue of their interference with the binding of 
calmodulin to kinase,'? these compounds can also block the 
activity of calmodulin-independent protein kinase C by inhi- 
bition of the interaction between phospholipid and kinase.^$ 
Thus, the inhibitory effect of these agents on PMA- 
stimulated Mo3e expression could either suggest the involve- 
ment of calmodulin-dependent kinases or provide further 
evidence for the importance of protein kinase C activation in 
stimulating Mo3e expression. 

Calcium influx from the extracellular compartment may 
also contribute to the regulation of surface Mo3e expression. 
The importance of extracellular calcium is suggested by the 
inhibitory effect of EGTA on Mo3e expression stimulated by 
PMA (Table 6), which in turn can be reversed by the 
addition of calcium, but not magnesium. Moreover, PMA- 
stimulated Mo3e expression is blocked by noncytotoxic con- 
centrations of nicardipine and TMB-8, compounds that 
antagonize calcium mobilization and influx into mammalian 
cells.^533 

These observations are consistent with the role of the 
phosphatidylinositol signal transduction pathway in the reg- 
ulation of surface Mo3e expression. According to current 
dogma, the binding of stimulatory ligands to plasma mem- 
brane receptors activates the guanine nucleotide regulatory 
protein system, *-*! which stimulates the hydrolysis of phos- 
phatidylinositol 4,5-bisphosphate by phospholipase C, result- 
ing in the generation of second messengers 1,2-diacylglycerol 
and inositol 1,4,5-trisphosphate (see reference 4 for review). 
PMA and related compounds (as substitute second messen- 
gers that activate protein kinase C75) and ionomycin (that 
may duplicate the action of inositol trisphosphate) can 
bypass the initial membrane receptor-mediated events of 
signal transduction and directly trigger cellular effector 
responses. The physiologic significance of this pathway in the 
initiation of leukocyte effector responses to a variety of 
stimuli has been demonstrated in several recent reports. 
These include the metabolic responses of neutrophils (hu- 
man, guinea pig, and rabbit) to N-formyl-L-methionyl-L- 
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phenylalanine stimulation?-*: the proliferative response of T 
Iymphocytes (murine and human) to soluble antigen, lectin, 
and interleukin 255; the activation of B lymphocytes (mu- 
rine and human) in response to anti-immunoglobulin stimu- 
lation“; the proliferation of murine bone marrow cells in 
response to interleukin 39; and the activation of murine 
macrophages by gamma interferon or lipopolysaccha- 
ride.” Of particular note is the synergistic effect of PMA 
and calcium ionophore (ionomycin or A23187) acting as 
substitute second messengers in triggering T cell,?^*? B 
cell,“ and macrophage activation??9*9 (simulating the nor- 
mal effector response to receptor-mediated stimuli) and, in 
certain systems, the inhibitory effect of calmodulin inhibi- 
tors,” EGTA,99555555 and calcium influx antago- 
nists.?555* Thus, the induction of surface Mo3e expression 
by agents that mimic the second messengers of the phospha- 
tidylinositol transduction pathway is analogous to their 
effect on other leukocyte effector responses. 

If PMA (and functionally related compounds) and iono- 
mycin stimulate Mo3e expression by substituting for prod- 
ucts of receptor-mediated phosphatidylinositol hydrolysis, 
what, then, is the physiologic stimulus for Mo3e expression? 
Because bacterial lipopolysaccharide is a potent inducer of 
surface Mo3e expression by peripheral blood monocytes! and 
has been shown to activate protein kinase C in murine 
macrophages and B lymphocytes, lipopolysaccharide- 
stimulated Mo3e expression may be a cellular response that 
is triggered by products of the phosphatidylinositol transduc- 
tion pathway. Bacterial endotoxin may therefore represent 
the physiologic “first signal" that induces the up-modulated 
expression of Mo3e. Consistent with this hypothesis is the 
fact that a selective inhibitor of protein kinase C activation 
(1-(5-Isoquinolinesulfonyl)-2-methylpiperazine dihydro- 
chloride; H-7)® blocks the expression of Mo3e on monocytes 
cultured in medium containing Escherichia coli lipopolysac- 
charide (R.F.T. III, unpublished observations, March 
1986). 
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Vaso-occlusion by Sickle Cells: Evidence for Selective 
Trapping of Dense Red Cells 


By Dhananjaya K. Kaul, Mary E. Fabry, and Ronald L. Nagel 


We have characterized the type of red cells from sickle cell 
patients that were trapped in the course of sickle-cell 
vaso-occlusion. In addition, the perfusion conditions (arte- 
rial perfusion pressure [Pa] and oxygen tension [PO;]) 
leading to experimentally induced vaso-occlusion in the 
artificially perfused, innervated mesocecum microvascular 
preparation were determined. Microvascular obstruction 
was induced by decrease in Pa; the lower the Pa, the 
greater the peripheral resistance as well as the extent of 
obstruction. The cells involved in the obstruction were 
recovered by vasodilation (secondary to denervation) and 
increase in Pa. Densitometric analysis of density gradient- 
separated infused and trapped cells was supplemented 
with morphological analysis to ascertain the involvement 
of density classes as well as morphological types seen in 
oxy and deoxy sickle blood. The trapping phenomenon was 
sensitive to PO,. Percentage of densest gradient classes, 


HE PATHOPHYSIOLOGIC EVENTS involved in the 
development of painful crisis 1n sickle cell anemia are 
still largely undefined. However, an interesting objective sign 
of this event was recently reported by Fabry et al’ who 
observed a reduction of high-density red cells (a 36% to 94% 
decrease was found if initial values are normalized to 100%) 
in the peripheral circulation during the course of painful 
crisis. After crises, a gradual recovery of dense cells was 
observed. In addition, in an earlier publication,? we suggested 
that variations in the local microvascular pressure gradient, 
particularly the occurrence of low pressure, might lead to 
preferential trapping of less deformable sickle cells. 

The present study was designed to analyze the classes of 
cells involved in sickle cell-induced vaso-occlusion in an 
innervated, artifically perfused microcirculatory prepara- 
tion. Oxygenated or deoxygenated sickle blood was allowed 
to obstruct a microvascular bed by decreasing the perfusion 
pressure. The cells 1nvolved in the obstruction were recovered 
by increasing the perfusion pressure and by denervation- 
induced vasodilation and were characterized by morphologi- 
cal and isopycnic gradient analysis. We find that of the cells 
trapped during vaso-occlusion, a disproportional percentage 


are represented by ISCs (irreversibly sickled cells) and . 


From the Division of Hematology, Department of Medicine, 
Albert Einstein College of Medicine, Bronx, NY. 

Supported by grants from the National Institutes of Health 
(#HL21016) and the New York Community Trust 

Submitted February 21, 1986; accepted June 9, 1986. 

Presented in part at the 27th annual meeting of the American 
Society of Hematology, New Orleans, Dec 9, 1985 

Address reprint requests to Dr Dhananjaya K Kaul, Department 
of Medicine, Room 917U, Albert Einstein College of Medicine, 
1300 Morris Park Ave, Bronx, NY 10461. 

The publication costs of this article were defrayed in part by page 
charge payment This article must therefore be hereby marked 
“advertisement” in accordance with 18 USC. $1734 solely to 
indicate this fact 

© 1986 by Grune & Stratton, Inc. 

0006-497 1/86/6805-0028$03.00/0 


1162 


ie, fraction 3 (F3; mainly dense unsicklable SS discocytes 
[USDs]) and fraction 4 (F4; irreversibly sickled cells [ISCs] 
and the densest discocytes), showed a significant increase 
in trapping when perfusion was switched from oxy to 
deoxy perfusate. Morphological analysis revealed that 
unsicklable SS discocytes are more effectively trapped 
when deoxygenated. The deoxygenation of infused cells 
did not further change the percentage of ISCs trapped, 
suggesting that ISCs are equally capable of sequestration 
in the oxy and the deoxy states. The venous effluent 
showed a selective and significant depletion of dense cells 
(F4) and ISC counts at all Pa. We conclude that the 
progressive obstruction of the microcirculation by sickle 
cells involves selective sequestration of the densest 
classes of cells and that this mechanism might explain their 
partial disappearance during painful sickle cell crisis. 

e 1986 by Grune & Stratton, Inc. 


USDs (unsicklable SS discocytes), the densest cells in the 
blood of the sickle cell anemia patient. In addition, we find 
that the deoxygenation of the perfused cells did not change 
the percentage of ISCs trapped, suggesting that even under 
oxygenated conditions, these cells are maximally capable of 
participating in the vaso-occlusive event. We conclude that 
the densest SS cells are indeed trapped in the areas of 
vaso-occlusion and that this phenomenon is likely to be the 
basis of the disappearance of these cells during painful 
crises. 


MATERIALS AND METHODS 


Preparation of cells. Fresh heparinized samples were obtained 
by venipuncture from three normal adults and from six sickle cell 
patients who were out of crises and had not received blood transfu- 
sion in the preceding 4 months. The blood samples were centrifuged 
(2,000 rpm) and the plasma and buffy coat removed. The red cells 
were then washed three times in normal saline and resuspended in 
bicarbonate Ringer solution of the following composition in milli- 
moles per liter: NaCl, 118 0; KC1, 5.0; CaCL, 2.5; MgCl, 0 64; 
NaHCO,, 27.0, plus 20% bovine albumin The osmolarity was 
adjusted to 290 to 300 mOsm with the use of a Microosmette 
osmometer (Precision Systems, Inc, Sudbury, Mass). The hemato- 
crit (Hct) was adjusted to 2% for these experiments. Red cell 
suspensions (100 mL) and perfusion solution (bicarbonate Ringer, 
2 0% bovine albumin) were equilibrated with gas mixtures contain- 
ing O, (95% or 2 5%), 5.6% CO,, and balance N, to achieve a pH of 
7.35 to 7.40 and the desired pO, level 

Artificially perfused innervated mesocecum vasculature. He- 
modynamic studies and induction of vaso-occlusion under defined 
arterial perfusion pressure (Pa) were carried out 1n 16 artificially 
perfused, nerve intact mesocecum (mesoappendix) vasculature of 
the rat. For the nerve intact preparation, the procedure involves 
cannulation of the ileocolic artery and the vein under sodium 
pentobarbital anesthesia (30 mg/kg) as described by Baez et al? for 
isolated denervated mesocecum preparation Accompanying the 
ileocolic artery is the paravascular sympathic nerve; a loop of thread 
is gently passed around the nerve at a site closer to the cannulated 
artery, and the two ends of the thread are fastened together by an 
adhesive tape for a later easy access to the nerve during surgical 
denervation. Earlier in the procedure, cannulation of the femoral 
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artery (for blood pressure monitoring) and tracheal cannulation (to 
minimize ventilatory problems) are performed. 

After hemostatic ties of all vascular collection are achieved, the 
tissue is vascularly isolated but remains connected to the animal by 
the sympathetic nerve supply. The animal is then transferred to a 
special microscope stage and the mesocecum is gently spread on an 
optically clear Lucite block. Artificial perfusion with red cell suspen- 
sions and maintenance of the vasculature are done as described by 
Kaul et al? The entire preparation is enclosed in a plastic capsule 
when required, except for the outlet of cannulas and the microscope 
objectives. The vasculature is initially perfused with Ringer's solu- 
tion for 10 to 15 minutes to allow stabilization of the tissue and to 
clear the vasculature of the remaining blood cell elements of the host 
animal. For observation and measurements by intravital microscopic 
methods, we used a triocular Bausch and Lomb microscope equipped 
with a television camera and video monitor (Sony) as well as 
Panasonic video recorder (Model NV9300A) 

Induction and hemodynamic monitoring of microvascular 
obstruction by sickle cells. Pa, which was rendered pulsatile (310 
c/min) with a peristaltic pump, and venous outflow pressure (Pv) 
were monitored by means of Statham-Gould P-50 transducers 
(Gould, Oxnard, CA). Pv was kept at 3.8 mmHg and venous outflow 
(Fv) rate was monitored using a photoelectric drop-counter and 
expressed in milliliters per minute. The protocol used to induce 
microvascular obstruction with oxy and deoxy sickle red cell suspen- 
sions was essentially the same as described elsewhere.” In essence, 
the perfusion with red cell suspensions was performed using stepwise 
decrement in Pa (100, 80, 60, and 40 mmHg) Hemodynamic 
changes with the infusion of normal and HbSS red cells were 
determined in terms of peripheral resistance units (PRUs) as 
previously described and expressed as PRU = AP/Q = 
mmHg/mL/min/g, where AP (mmHg) is the arteriovenous pres- 
sure difference and Q (mL/min/g) is the rate of Fv per gram of the 
tissue. Hemodynamic parameters, ie, Pa and Fv, were recorded on a 
physiograph (Model DMP-4B, Narco Biosystem Inc, Houston, 
Tex). The required level of tissue deoxygenation was achieved by 
equilibrating the suffusion solution (bicarbonate Ringer’s plus 2% 
bovine albumin) with an appropriate gas mixture for 30 minutes and 
similarly equilibrating the perfusate with a gas mixture of the same 
composition for 30 minutes before initiating the experiment. The 
occurrence and the extent of the obstruction were confirmed by 
microscopic observation of the vascular bed. The duration of perfu- 
sion with oxy and deoxy SS cells was 25 to 30 minutes. The mean 
pO, of the partially deoxygenated sickle cell suspensions was 17.7 + 
2.3 mmHg at the arterial end and 24 + 1 3 mmHg in the venous 
effluent Because the pO, of the arterial influx and venous efflux are 
nearly the same, the tissue pO, 1s within the same range. 

Recovery of trapped sickle cells The perfusion was switched 
from cells to oxy Ringer's solution, and the trapped cells were 
obtained from the areas of microvascular obstruction by vasodilation 
secondary to the surgical denervation? and by increase in Pa to 150 to 
200 mmHg (n = 9). Recovery of the trapped cells was accompanied 
by recovery in the Fv rate. By raising the Pa or denervation, 30 to 60 
uL of packed cells were recovered that were sufficient for morpho- 
logical and density gradient analysis. 

In a series of experiments (n = 7), the venous effluent samples 
were collected at Pa of 80, 60, and 40 mmHg during infusion of 
sickle cells. 

Density gradients and their evaluation Percoll (colloidal silica 
coated with polyvinylpyrrolidone; Pharmacia Fine Chemicals, Inc, 
Piscataway, NJ) and Stractan (arabino-galactan polysaccharide; St 
Regis Paper Co, West Nyack, NY) (prepared as described by 
Corash et alf) gradients were formed from a mixture of Percoll and 
Stractan as previously described." 


Differential morphological analysis of sickle cells. In a series 
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of experiments with oxy and deoxy SS cell suspensions (n = T), 
samples from infused cells and venous effluents were fixed ın 10% 
neutral formaline for ISC counts. In selected experiments, aliquots 
of infused and trapped cells (oxygenated) were similarly fixed for 
counts of stress reticulocytes and ISCs Aliquots of infused and 
trapped cells were also deoxygenated (<10% HbO,) and fixed in 
10% neutral formaline for morphological differentiation of dense 
discocytes, reversible sickle cells, and ISCs. Scanning electron 
microscopy of cells was done as described before.* 

Cells were classified as follows: in oxygenated preparations, stress 
reticulocytes were identified by their multilobulated appearance"? 
and ISCs were identified by their axial ratio. In deoxygenated 
preparations, an additional class of cells could be identified. the 
USD, which had a bumpy surface, irregular discoid contour, and no 
projections with an axial ratio greater than 2:1. 

A paired t test was used for statistical analysis of infused and 
trapped (or venous effluent) populations. 


RESULTS 


The microvascular obstruction in the innervated prepara- 
tion by oxy and deoxy sickle cell suspensions was induced as 
described in Materials and Methods and was monitored as 
changes in the PRUs; the lower the Pa, the greater the PRUs 
as well as the extent of obstruction, in accordance with our 
earlier observations on denervated preparations? The PRU 
values for AA cells showed slight elevation, which is not 
significant when compared with that for Ringer’s solution 
(PRUs for Ringer’s 5.4 + 0.4 (mean + SEM) and 6.2 + 1.1, 
respectively, at Pa of 100 and 40 mmHg; PRUs for AA cells 
6.4 + 1.5 and 6.8 + 1.2, respectively, at Pa of 100 and 40 
mmHg). Perfusion with oxy SS red cells results in higher 
PRUs, particularly at low pressure (PRUs = 9.25 + 2.0 and 
17.60 + 4.9, respectively, at Pa of 100 and 40 mmHg), which 
is indicative of the presence of some microvascular obstruc- 
tion. When the vasculature is perfused with a partially deoxy 
sickle cell suspension, the increase in PRUs becomes increas- 
ingly pronounced (due to progressive obstruction) during 
stepwise reduction in Pa (PRUs = 12.4 + 0.6 and 
42.9 + 11.7 at Pa of 100 and 40 mmHg, respectively, P < 
.004 as compared with oxy SS PRUs), and the resulting 
obstruction is extensive. That highly deformable normal 
human (AA) red cells can traverse the rat mesoappendix 
without significantly elevating the peripheral resistance” 
supports the contention that mesoappendix is a suitable 
model for the human microvasculature. Furthermore, the 
relevant dimensions in the rat, such as the mean capillary 
diameter (4.5 um), compare well with those of the human. 

Trapped cells. The trapped cells from the obstructed 
areas were recovered by vasodilation and by increase in Pa 
(see Materials and Methods). The restoration of Fv rate 
strongly indicated that the majority of cells were eluted from 
the preparation. Furthermore, direct intravital observation 
of the mesocecum microvasculature revealed complete 
release of trapped cells in most instances. A Coulter counter 
was used to determine the number of cells in the perfusate 
and the effluent. From these values it was estimated that 
between 40 and 80 uL of packed SS cells were trapped in the 
average mesoappendix preparation and that at least 30 to 60 
uL were recovered. These three observations indicate that 
the eluted cells are representative of the trapped cells. 
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A total of nine mesocecum preparations were perfused 
with cells from four sickle cell patients, and the infused cells 
were compared with the trapped cells either by density 
gradient analysis or by differential morphological counting 
or by a combination of both. The percentages of F3 (mainly 
dense USDs) and F4 (ISCs and densest discocytes) in both 
the infused red cell suspension and the red cells trapped in 
the microcirculation in the process of vaso-occlusion for 
experiments in which cells are infused either fully liganded 
(oxy) or deoxygenated (PO,, 20 mmHg) were determined by 
Percoll-Stractan isopycnic gradients (Table 1, Fig 1). The 
results demonstrate that in all experiments, the percentage of 
F3 and F4 is invariably higher in the trapped cell category. 
Statistical analysis reveals that the differences in percent- 
ages of trapped F3 and F4 are significant at P < .03 and P < 
.0016, respectively, if the red cells were infused in the 
oxygenated state (Table 1). When cells were infused in the 
deoxygenated state, both F3 and F4 (Table 1) showed 
significant increases in trapped cells at the P < .0012 and 
P « .0004 levels, respectively. Also, as depicted in Fig 1, the 
ratios of trapped to infused F3 and F4 populations undergo 
significant increases (F3: oxy 1.3 + 0.27, mean + SD, deoxy 
2.0 + 0.42, P « .036; F4: oxy 1.3 + 0.08, deoxy 2.2 + 0.67, 
P < .033) when the infused sickle cell suspensions are deoxy- 
genated (Fig 1). We conclude that the densest cells in the 
whole blood of sickle cell anemia patients are disproportion- 
ately found among the cells trapped during vaso-occlusion. 

In three of these experiments the cells infused and cells 
trapped in the microcirculatory bed were characterized 
morphologically. If the cells were counted while oxygenated, 
only ISCs, stress reticulocytes, and discocytes were identifi- 
able. A significant increase in the ISC count is observed in 
the trapped cells, both (and to similar extent) when the cells 
infused were oxygenated and deoxygenated (Table 2, Fig 2). 
In the oxy infusion, only stress reticulocytes, which have 
bumpy and lobulated shapes,9? are overrepresented among 
the trapped cells. If aliquots of the infused cells and the 
trapped cells collected after the perfusion experiments were 


Table 1. F3 and F4 in Cells Infused and Cells Trapped 


' F3 (96) F4 (96) 
* Perfusion Infused Trapped Infused Trapped 
Oxy perfusion 
Experiment 1 4.2 4.8 5.2 7.5 
2 9.1 156 107 14.1 
3 15.8 19.5 25.6 31.0 
4 176 18.8 17.2 222 
B 7.2 10.9 9.8 13.2 
Mean 10.8 13.9 137 17.6 
SD + 5.7 61 79 9.1 
P «0.03 «0.0016 
Deoxy perfusion 
Experiment 1 5.1 12:2 4.8 12.6 
' 2 16.2 22.9 21.6 31.4 
3 4.4 9.2 5.3 15.4 
4 7.2 14 9 9.8 18 1 
Mean 8.2 14.8 10.4 19.4 
SD < 5.5 5.9 7.8 8.3 7 
B «0.0012 «0 0004 
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Fig 1. Ratios of trapped to infused F3 (mainly dense unsickl- 
able SS discocytes) and F4 (mainly ISCs and very dense disco- 
cytes) cells in mesocecum preparation perfused with oxy and 
deoxy sickle cell suspensions. Note the increase in the ratio when 
the infused cells are deoxygenated. The paired data points (broken 
lines) represent the results of oxy and deoxy perfusion experi- 
ments done in the same preparation. Horizontal bars indicate 
mean + SD. 


deoxygenated (for the sole purpose of counting), the cells 
that can now be identified are USDs (granular-surfaced 
discocytes after deoxygenation) and sickled cells. The cells 
that retain their smooth discoid morphology in extreme 
deoxy conditions are likely to contain a large percentage of 
HbF (fetal hemoglobin) (Fig 2). The data in Table 2 
demonstrate that the USDs are also increased among the 
trapped cells but to a greater extent when the cells are 
infused in the deoxy state. Further, the ratio of trapped to 
infused USDs shows a significant difference with deoxygena- 
tion of infused sickle cell suspensions (oxy 1.2 * 1.16, 
mean + SD; deoxy 1.8 + 1.1, P < .014), while the differ- 
ences for ISCs are statistically not significant (oxy 1.6 + 1.2; 
deoxy 1.48 + 1.3, P > .75) (Fig 3). 

Venous ejfluents. Finally, another set of experiments 
performed on seven preparations made use of Percoll- 
Stractan isopycnic gradient analysis and morphological 
counting of ISCs in the venous effluent samples from 
perfused mesoappendix preparations that had suffered vaso- 
occlusion by the infusion of oxy or deoxy SS cell suspensions. 
As expected, the differences in percentage of F4 between the 
infused cells and the effluent were small (infused cells, mean 
19.5 + 8.5 SD; effluent, 16.2 + 6.6; P < .015) (due to the 
small number of cells involved in vaso-occlusion), but in each 
of seven experiments, the percentage of F4 in the effluent 
was invariably lower than in the infused cells. A significant 
decrease in the percentage of ISCs (as determined morpho- 
logically) occurred as Pa was reduced (P —.007 and 
P < .0005 at Pa of 80 and 40 mmHg, respectively) (Fig 4). 
This decrease was irrespective of the ligand state of the 
1nfusion. 


DISCUSSION 


The experiments described here demonstrate that in the 
course of vasoocclusion, the densest cells in the blood of sickle 
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Table 2. Differential Cell Counts in Control (Infused) and Trapped Samples 
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Stress 
Reticulocytes (96) USDs (96) ISCs (96) 
Perfusion Infused Trapped Infused Trapped infused Trapped 
Oxy perfusion 
1 (RS) 2.3 4.7 18.5 25.0 16.4 22.0 
2 (EM) 0.5 2.0 13.0 13.5 12.5 21.5 
3 (TP) 1.5 6.0 8.4 9.8 8.0 3.0 
Mean 1.4 4.2 13.3 16.1 12.3 18.8 
SD + 0.9 2.0 5.1 7.9 4.2 5.1 
P 0.05 0.15 0.02 
Deoxy perfusion 
1 (RS) 2.2 3.0 16.0 29.0 18.2 2.4 
2 (EM) 1.0 0.7 13.0 22.0 12.0 17.0 
3 (TP) 2.0 2.5 7.3 13.7 7.0 12.5 
Mean 1.7 2.1 12.1 21.6 12.4 17.3 
SD + 0.6 1.2 4.4 7.7 5.6 4.9 
P 0.25 «0.02 0.003 





cell anemia patients (F3 and F4 of the Percoll-Stractan 
isopycnic gradient separation) are selectively trapped. In 
morphological terms, these fractions are composed of ISCs 
and a category of cells recently described, the dense USDs. 
However, these two categories of dense cells do not behave 
identically in the microvasculature. The ISCs are trapped to 
an equal extent whether the perfused blood is oxygenated or 
deoxygenated, while the USDs are more susceptible to 
trapping when the infused blood is deoxygenated. This 
suggests that the ISC is as susceptible to sequestration 
during vaso-occlusion, when its cytosol is largely devoid of 
polymer, as it is when polymer is present. On the other hand, 
the trapping of USDs is further increased after the perfusate 
is deoxygenated. 

The SS stress reticulocyte,*” a cell that is shaped differ- 
ently than a biconcave disk when oxygenated (it is highly 
irregular and lobulated), is also overrepresented among 
trapped cells when the infused blood is oxygenated. This is 
not surprising, as this cell is less deformable due to its 
peculiar shape." After deoxygenation, it becomes hemody- 
namically indistinguishable from reversibly sickled cells and 
loses its special status." 


P 
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Y 

Scanning electron micrograph of cells deoxygenated in 
order to differentiate the major morphological types of sickle cells. 
[A, high fetal hemoglobin (HbF) cell (smooth discoid morphology); 8, 
sickled cells (reversible discocytes); c, dense unsicklable SS disco- 


cytes (USDs) with irregular or granular contour and projections 
with an axial ratio of less than 2:1; D, ISCs]. 


c 


Fig 2. 








We conclude that the less deformable cells are sequestered 
at the site of sickle cell-induced vaso-occlusion. It is impor- 
tant to understand that these experiments were not designed 
to determine which cells are responsible for initiating vaso- 
occlusion. They only show which cells are found among the 
cells trapped in the areas of vaso-occlusion after the episode 
has been allowed to complete its course. Other experiments 
have to be designed to dissect the sequences of events 
involved: that is, are the densest cells per se involved in initial 
obstruction, or are they trapped subsequent to the precapil- 
lary obstruction after red cell aggregation has extended in a 
retrograde manner toward the arteriolar side? Under these 
conditions, the flow in the partially blocked arterioles might 
bias the trapping in favor of the least deformable cells. We 
favor the second possibility because initial obstruction most 
likely involves a small number of cells, as has been observed 
by direct videoscanning of perfused microvascular beds.'" 
Nevertheless, the findings reported here strongly buttress the 
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Fig 3. Ratios of trapped to infused unsicklable SS discocytes 
(USDs) and ISC counts in mesocecum preparation perfused with 
oxy and deoxy sickle cell suspensions. There is a dramatic increase 
in the ratio of USDs trapped when the vasculature is perfused with 
deoxy sickle cell suspensions. In contrast, the ratio of ISCs trapped 
is unchanged on deoxygenation. Horizontal bars indicate mean + 
SD. 
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Fig4. Plot of relative decrease (96) in the counts of ISCs in the 
venous effluents obtained at different Pa. The contro! values 
(infused cells) were normalized to 10096. The trapping of ISCs is 
enhanced as Pa is lowered to 40 mmHg. 


concept that selective sequestration of dense cells during 
vaso-occlusion is a likely explanation for the disappearance 
of these cells during the painful crises suffered by sickle cell 
anemia patients. 


ACKNOWLEDGMENT 


We acknowledge Joyce Johnson for her excellent technical assis- 
tance and Elizabeth Ezzone for secretarial assistance. 


REFERENCES 


l. Fabry ME, Benjamin L, Lawrence C, Nagel RL: An objective 
sign in painful crisis in sickle cell anemia: The concomitant reduction 
of high density red cells. Blood 64:559, 1984 


KAUL ET AL 


2. Kaul DK, Nagel RL, Baez S: Pressure effects on the flow 
behavior of sickle (HbSS) red cells in isolated (ex-vivo) microvascu- 
lar system. Microvasc Res 26:170, 1983 

3. Baez S, Lamport H, Baez A: Pressure effects of living micro- 
scopic vessels, in Copley A, Stainby G (eds): Flow Properties of 
Blood and Other Biological Systems. London, Pergamon, 1960, 
p 122 

4. Green ED, Rapela CE, Conard MD: Resistance (conduc- 
tance) and capacitance phenomena in terminal vascular beds. 
Handb Physio! 2 (Sect 2, Circulation): 935, 1963 

5. Baez S: Response characteristics of perfused microvessels to 
pressure and vasoactive stimuli. Angiology 12:452, 1961 

6. Corash LM, Piomelli S, Chen HC, Seaman C, Gross E: 
Separation of erythrocytes according to age on a simplified density 
gradient. J Lab Clin Med 84:147, 1974 

7. Fabry ME, Nagel RL: The effects of deoxygenation on red cell 
density: Significance for the pathophysiology of sickle cell anemia. 
Blood 60:1370, 1982 

8. Kaul DK, Fabry ME, Windisch P, Baez S, Nagel RL: Erythro- 
cytes in sickle cell anemia are heterogeneous in their rheological and 
hemodynamic characteristics. J Clin Invest 72:22, 1983 

9. Coulombel L, Tchernia G, Mohandas N: Human reticulocyte 
maturation and its relevance to erythropoietic stress. J Lab Clin Med 
94:467, 1979 

10. Leblond PF, Coulombe L: The measurement of erythrocyte 
deformability using micropore membrane. J Lab Clin Med 94:133, 
1979 

1i. Klug PP, Lessin LS: Microvascular flow of sickle erythro- 
cytes. A dynamic morphological study. Blood Cells 3:263, 1977 

12. LaCelle PL: Oxygen delivery to muscle cells during capillary 
vascular occlusion by sickle erythrocytes. Bloods Cells 3:273, 1977 

13. Baez S. Kaul DK, Nagel RL: Microvascular determinants of 
blood flow behavior and HbSS erythrocyte plugging in microcircula- 
tion. Blood Cells 8:127, 1982 

14. Lipowsky HH, Usami S, Chien S: Human SS red cell 
rheological behavior in the microcirculation of cremaster muscle, 
Blood Cells 8:113, 1982 


Phenotype of Early Erythroblastic Leukemias 


By J.L. Villeval, P. Cramer, F. Lemoine, A. Henri, A. Bettaieb, F. Bernaudin, Y. Beuzard, R. Berger, G. Flandrin, 
J. Breton-Gorius, and W. Vainchenker 


Nine cases of early erythroblastic leukemia, unidentified by 
usual criteria, have been diagnosed using a panel of anti- 
bodies. Three cases arose in patients with Down's syn- 
drome, one in a patient with therapy-related leukemia, and 
four patients were in blast crisis of chronic myeloid leuke- 
mia; only one case arose de novo. Blast celis could be 
assigned to two main stages of erythroid differentiation: 
(1) presence of all erythroid-specific proteins in two 
patients, a phenotype corresponding to an immature 
erythroblast; (2) absence of the erythroid markers such as 
glycophorin A and spectrin in the presence of carbonic 
anhydrase isoenzyme Il, ABH group antigens, and the anti- 
gen defined by FA6 152 monoclonal antibody in six 


N THE BASIS of conventional criteria, erythroleu- 
kemia represents an uncommon disease, ie, less than 
5% of the leukemias. At least some of these leukemias may 
not be true erythroid neoplasms, since frequently the marrow 
becomes progressively invaded by myeloblasts. In some 
cases of M, leukemia? the erythroblasts originate from 
residual normal marrow cells.? This low incidence of erythro- 
leukemia in humans seems strange, since myeloproliferative 
diseases, especially chronic myeloid leukemia (CML), origi- 
nate in a pluripotent stem cell. The concept of “cryptic 
erythroleukemia" or of an “early” erythroblastic leukemia 
(leukemic cells blocked at an early stage of the erythroid 
differentiation and not morphologically identifiable by the 
usual criteria) has emerged. Most authors have used anti- 
bodies against glycophorin A (GPA) as a probe for the 
diagnosis of these "early" cases. Andersson et al used a 
polyclonal antibody against GPA and suggested that “cryp- 
tic erythroleukemia" is frequent among M,-acute myeloid 
leukemia (AML), relapse of acute lymphoblastic leukemia 
(ALL), and blast crisis of CML.’ Other authors used several 
monoclonal antibodies (MoAbs) against GPA and concluded 
that erythroleukemia is uncommon." "' This low incidence of 
erythroleukemia could be due to the fact that GPA detected 
by MoAbs was not a sufficiently early marker of erythroid 
differentiation. Indeed, GPA detected by these MoAbs is not 
expressed on the membrane of erythroid progenitors, ie, 
CFU-E and BFU-E." 

In the present study, we have investigated acute leukemia 
with a panel of MoAbs and polyclonal antibodies, including 
an anti-carbonic anhydrase 1 (CAI) and FA6-152 MoAb." 
These two antibodies recognize antigens that are expressed 
before GPA during normal erythropoiesis.!* Nine cases of 
erythroblastic leukemias could be diagnosed; the anti-GPA 
MoAbs only identified two of these cases. 


MATERIALS AND METHODS 


Leukemia samples. Over a period of 3 years, 310 cases of acute 
leukemia were investigated in our laboratory by immunological 
markers and by electron microscopy. Mononuclear cells were sepa- 
rated by Ficoll-metrizoate gradient density centrifugation (Lympho- 
prep, Nyegaard, Oslo, d:1077)'* and subsequently investigated. 

The nine cases presently reported were diagnosed among 120 
cases of poorly differentiated acute leukemia. Patients 5 through 8 
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patients, a phenotype related to a late erythroid progenitor 
(CFU-E). One patient had an intermediate phenotype. Alt 
patients except one demonstrated a megakaryocytic com- 
ponent. In three patients, chromosomal abnormalities 
were present, detected both in blasts and in erythroid 
colonies. In conclusion, these findings indicate that (a) 
most “cryptic erythroleukemias” are blocked at a "CFU- 
E-like" stage of differentiation, (b) it may be a frequent 
event in Down's syndrome and chronic myeloid leukemia, 
and (c) these erythroleukemias are phenotypically heter- 
ogenous. 

© 1986 by Grune & Stratton, Inc. 


were identified as part of systematic investigations of the phenotype 
of CML blast crisis. The others (patients 1 through 4 and 9) were 
referred to our laboratory because they could not be classified 
according to the French-American-British criteria." In two of these 
cases (patients 1 and 3), the erythroid origin of the blast cells was 
strongly suspected based on the morphological features, ie, the 
intensely basophilic cytoplasm. 

Panel of antibodies and lectin. Details of antibodies used in this 
study are given in Table 1. During the first two years, the panel of 
MoAbs did not include early erythroid markers other than the 
LICR-LON-RIO MoAb'5 During the last year, two new immuno- 
logical markers that recognize early erythroid markers were 
added to the previous panel. For blood group A patients, the A 
antigen was investigated using the Helix pomatia (HPA) lectin 
directly coupled to fluorescein (Industrie Biologique Francaise, 
Villeneuve la Garenne, France). Among 30 cases of non-erythroid 
leukemia, we have detected this antigen in only one case of mega- 
karyoblastic leukemia. 

The anti-CAI antibody and the FA6 152 MoAb were recently 
characterized using normal and leukemic cells. '^'* Eighty represen- 
tative cases of AML, ALL, or CML were screened with the 
anti-CAI antibody. CAI was not observed in non-erythroid hemato- 
poietic cells with the exception of three cases in which this isoenzyme 
was detected in platelets. Further investigation of the occurrence of 
CAI in the megakaryocytic lineage has shown the absence of this 
enzyme in the platelets of 30 normal donors and 50 cases of 
myeloproliferative disorders. The FA6 antibody was used to screen 
more than 110 cases of AML, ALL, and blast crisis of CML. This 
antibody did not bind to ALL cells or M,, M; and M, acute 
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Table 1. Antibodies Used 





Designation Monocional 


Specificity References 





Granulomoncytic markers 


80H5 + SSEA-1 antigen 7 
(Promyelocyte — polymorph) 
(Monoblast — promonocyte) 
MO; * Monocytes 18 
Anti-My 7 + Immature myeloid cells, monocytic series 19 
Anti-My 9 + immature myeloid cells, monocytic series 20 
Anti-myeloperoxidase ES Myeloperoxidase 21 
(Myeloblast — polymorph) 
(Monoblast — monocyte} 
Platelet markers 
AN 51 + Platelet glycoprotein ib 22 
(Promegakaryoblast — platelet) 
J15 * Glycoprotein {ib-Illa? 23 
(Promegakaryoblast — platelet) 
5G11 t Thrombospondin 24 
(Promegakaryoblast — platelet) 
Anti vWF ~ vWF Dako (Copenhagen) 
(Promegakaryoblast — platelet) 25 
B Cell markers 
B1 + Pre B — lymphocyte Coulter clone (Hialeah, Fla) 
26 
J5 + Common ALL antigen Ortho (Westwood, Mass) 
27 
T cell marker 
T11 + E rosette receptor Ortho (Westwood, Mass} 
28 
Progenitor markers 
20-6 + HLA-DR 29 
Anti-My 10 + Ail progenitors except CFU-E 30 
immature myeloid cells 
Erythroid markers 
LICR-LON-R 10 and R 18 + Glycophorin A (Proerythroblast —> erythro- 16 
cyte) 
Anti-glycophorin A -— Glycophorin A 5 
LICR-LON-R6A * Band 3 ? (Erythroblast —* erythrocyte) 16 
- Band 3 
CA5 + B Chain of spectrin (Proerythroblast —> 
erythrocyte} 
~ a and B Chain of spectrin 
FA6 152 + A part of BFU-E, CFU-E — erythroblast 13 
Megakaryocyte — platelet, monocyte 
Anti-Gerbich + (CFU-E — erythrocyte), glycophorin C Centre National de Transfusion 
Sanguine (Paris) 
31 
Anti-globin chain — "y-Globin chain 32 
Anti-hemoglobin — Hemoglobin Cappel (Cochranville, Pa) 
Anti-CAl ~ CAI 14 


(CFU-E — erythrocyte) 





leukemia cells. Positive cells were identified in leukemias with a 
monocytic component such as some M, and M, and part of the 
megakaryocytic leukemias. In all these cases, the monocytic markers 
recognized by 80H5," My7,” My9,” anti-HLA-DR? MoAbs, or 
the megakaryocytic markers identified by ANS!” or J15? MoAbs 
were detected on these non-erythroid FA6-positive cells. 

Indirect immunofluorescence. Leukemic cells to be character- 
ized were used fresh or thawed when further investigation was 
needed. An indirect immunofluorescence technique, including dou- 
ble-staining experiments, was used on fixed or unfixed cells.'* For 
routine immunodiagnostic procedure, the panel of surface markers 


listed in Table 2 was used as well as three antibodies recognizing 
cytoplasmic proteins, ie CAI, myeloperoxidase (MPO), and von 
Willebrand factor (vWF). When the phenotype was compatible with 
that of an erythroid precursor (positive cells with FA6 MoAb, the 
anti-CAI antibody, and in some with anti-GPA MoAbs), the other 
erythroid markers listed in Table 3 were also evaluated. 

Acetylcholinesterase. — Acetylcholinesterases (AChE) were cyto- 
chemically revealed by the technique of Jackson.” 

Clonogenic assays.  Clonogenic assays for the different types of 
hematopoietic progenitors were performed by the methylcellulose 
techniques.” The stimulating factors were 1 [U/mL porcine Epo (26 
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Table 2. Cell Marker Results 








Cells Staining (96) 











Patient Age Leukocytes R10 
No. Primary Syndrome {yr} Sex al) Blasts 20-6 My 10 My 3 My 7 80H5 MO; B1 J5 Tit AN 51 J15 FAS 182 R18 
1 Down's syndrome 3 M 15,000 65 1 «1 «1 «1 «1 <t <1 o 11 3 7 70 58 
2 Down's syndrome 2 M 12,000 60 15 o ND 0 1 1 o o 23 3 3 56 1 
3 Down's syndrome 1.5 M 10,000 50 3 o x1 «1 x1 3 8 o 14 o o 70 o 
4 Therapy-related 49 M 6,800 50 ND ND ND ND 8.5 ND ND 0 0 19 22 ND 26 

leukemia (Hodg- 

kin's disease) 
5 CML 34 M * 63 2 4 ND <1 <1 x1 [" o 2 3 3 70 6 
6 CML 58 F 103,000 19 0 o o o 54 o is) o o 2:8 3 46 4 
7 CML 17 M 82,000 23 5 5 4 5 42 9 is) o <1 16 14 52 <1 
8 CML 50 F 71,000 56 is] o o o o o «t o 2 1 13 78 3 
3 — 58 M 52,000 47 2 2 2 2 7 2 1 2 1 1 70 «t 











The results are expressed in percentage of fluorescent-labeled cells isolated by Ficoll-metrizoate density centrifugation. The percentage of blasts was determined on the May-Grinwald-Giernsa on 
standard smears. In patients 6 and 7, the Ficoll-metrizoate density centrifugation has led to a twofold enrichment in blast cells as a consequence of the presence of numerous mature myeloid cells. ND, not 


determined; *, marrow specimen. 


IU/mg of protein, Centre National de Transfusion Sanguine, Paris) 
and phytohemagglutinin-leukocyte-conditioned medium (PHA- 
LCM).*® 

Cytogenetics. Chromosome analysis was carried out on un- 
stimulated blood cells and bone marrow cells after short-term 
culture (24 io 48 hours) in all cases and on colonies in three cases (5, 
6, and 9). In addition, chromosome analysis was carried out after 2 
months in liquid culture in patient 6. R bands using Giemsa after 
heating (RHG) and G bands using Wright staining were performed, 
and the international nomenclature'* was used for the classification 
of the chromosomes. Metaphases from individual colonies were 
analyzed for three patients using a slight modification of the 
technique of Dubé et al.” 


RESULTS 


Immunofluorescence assays. Among 120 cases of leuke- 
mias, nine cases had a major erythroid component. In two of 
these cases (patients | and 4), the diagnosis could be made 
with anti-GPA MoAbs. In the seven others, the diagnosis 
depended on demonstration of cells that bound the FA6 
MoAb and the anti-CAI antibody. Only 0% to 6% of cells 
from these patients were labeled by the anti-GPA MoAbs 
(Table 2). 

In order to accurately determine the phenotype of the 
blasts, the nine leukemic samples were further investigated 
with the other erythroid markers (Table 3). Patient 4 exhib- 


ited two populations of blast cells distinguished by their size. 
The very large GPA- and CAI-positive blasts also contained 
HbF, whereas the small blast cells expressed platelet glyco- 
proteins and vWF, suggesting an origin from the megakaryo- 
cytic lineage. In patient 1, the blast cells exhibited nearly all 
erythroid markers. 

Among the seven other patients (patients 2, 3, and 5 
through 9), one (patient 2) exhibited a peculiar phenotype. 
AChE, HbF, and glycoprotein band 3 were detected in the 
same cell population identified by the GPA MoAbs. In 
contrast, the anti-GPA polyclonal antibody bound to 40% of 
the blast cells. In addition, spectrin and Gerbich and A 
antigens were detected in the majority of these blasts. The 
other six patients (3 and 5 through 9) had a somewhat 
heterogenous phenotype. Only Gerbich or A antigen was 
clearly expressed in four cases. In the three blood group A 
patients (patients 3, 7, and 9), HPA lectin bound to about 
half of the leukemic cells, and in patient 8, Gerbich antigen 
was expressed in the same proportion of cells. 

Double-labeling experiments were performed in four 
patients with CML blast crisis. In patients 6 and 7, a marked 
myeloid component was present but only included mature 
myeloid cells easily identifiable by light microscopy. In all 
cases, the myeloid and megakaryocytic cells, respectively 
labeled by 80H5, My9, 5G11, or J15 MoAbs, did not express 


Table 3. Erythroid Cell Marker Results 











GPA Spectrin BAND 3 Gerbich 
Patient  FAG152 MoAb PolAb MoAb PolyAb Poly Ab CA! — HbF AChE  — Antigen 
No. (96) (96) 196) (96) (96) R6A (96) (96) (96) (96) (96) A Antigen 
1 70 58 82 83 83 5 45 90 3 5 60 80 
2 66 1* 35* 70* 75* o* = 87* o o 60 90* 
3 70 0 4 1 4 o 1 73 1 1 o 30 
4 ND 26 ND ND ND ND ND 26 23 ND ND t 
5 70 6 8 2 8 3 3 91 <1 5 4 4 
6 46 4 4* 1* 4* ND* 4* 62* 5* 4* ND t 
7 52 «1 <1 ND 5 ND 1 25 1 1 «1 35 
8 78 3 4 ND 5 0 2 62 «1 «1 30 t 
9 70 1 4 <1 11 <1 ND 80 <1 <1 ND 34 











The results were determined after fluorescent labeling except for the investigation of acetylcholinesterase (AChE), which was revealed by a , 
histochemical technique. All samples were blood cells with the exception of patient 5, from whom marrow cells were obtained. 
*These results have been determined from a second sample, obtained a few days later; for patient 6, in this second sample, 23% of the cells 


expressed MPO and 7%, vWF. 
+These patients did not belong to blood group A. 
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CAL. All 80H5-positive cells expressed MPO. Labeling with 
the antithrombospondin (5G11) and the anti-vWE was only 
observed in cells stained by J15. This labeling resulted in a 
granular appearance, suggesting that most of these cells were 
hypoploid mature megakaryocytes (micromegakaryo- 
cytes)." In addition, platelets from patients (3, 6, 7, and 9) 
were examined for their content of CAI: this isoenzyme 
could not be detected. 

Finally, it is noteworthy that in all cases presently 
described, a constant lack of labeling was observed with the 
My9, My10, and the anti-HLA-DR MoAbs. In patient 2, the 
anti-HLA-DR MoAb stained 15% of the cells, but binding 
did not correspond to erythroid cells because CAL-positive 
cells were not stained by the anti- HLA-DR antibody in 
double-labeling experiments. 

Morphological characterization. The morphology of 
these blasts was reexamined after diagnosis with the immu- 
nological markers. In all patients, erythroid blast cells had a 
peculiar and identical morphology (Fig 1B). They were 
characterized by a medium to large size (15 u), an extremely 
basophilic cytoplasm with the exception of a zone localized 
near the nucleus, and the presence of several peroxidase- 
negative azurophil granules or small vacuoles in the Golgi 
zone. The nucleus was large with one or two nucleoli. 

Karyotypic analysis in short-term cultured cells and 
erythroid colonies. Using standard short-term cultures, 
clonal acquired chromosomal abnormalities were observed in 
all patients except patient 3, in whom only a constitutional 








Fig 1. Blast cells from patient 2. (A) Labeling with the anti- 

* CAI antibody. A marked staining is observed in all blast cells. iB) 

Morphology of the blast cells after May-Grünwald-Giemsa stain- 

ing. The blasts are characterized by a medium size, an extremely 

basophilic cytoplasm, and an often irregular nucleus with one or 
two large nucleoli. 
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trisomy 21 was found. Karyotypic studies of colonies derived 
from clonogenic assays were obtained in patients 5, 6, and 9. 
In patient 5, erythroid colonies were formed. All mitoses of 
leukemic cells were hyperdiploid (56 to 64 chromosomes) in 
24-hour blood cell culture. All had a Philadelphia (Ph!) 
chromosome and extra chromosomes with some cell-to-cell 
variation. A similar pattern of chromosomal changes was 
found in erythroid colonies from bone marrow, but only 
diploid mitoses with Ph! chromosome were found in other 
colonies, except one cell in a blood granulomonocytic colony 
(Table 4). In patient 9, no granulomonocytic colonies could 
be grown. Erythroid colonies comprising up to 400 cells were 
obtained in the presence or absence of added Epo. The cells 
composing these colonies expressed all the specific erythroid 
proteins, including hemoglobin. Multiple chromosomal 
abnormalities were found in unstimulated 48- and 78-hour 
blood cell cultures and in erythroid colonies except in four 
mitoses without markers (Table 4). A marker ? t (1:15) 
(p.21; q36) was present in all abnormal mitoses either from 
short-term blood cultures or from erythroid colonies. Other 
abnormalities, such as monosomies 17 and 10, were also 
common but not always observed, with some variation from 
one cell type to another. The majority of the cells were 
hypodiploid. 

In patient 6, two types of erythroid colonies were obtained 
in the presence of Epo, either "morphologically normal" 
erythroid colonies similar to BFU-E colonies or atypical 
colonies comprising dispersed cells. The erythroid nature of 
these colonies could be demonstrated by the presence of CAI, 
HbF, and GPA in the cells by immunofluorescence labeling. 
In the absence of added Epo, only atypical erythroid colonies 
were obtained. Karyotypic analysis revealed two types of 
mitosis in unstimulated 24-hour blood cell cultures as well as 
in erythroid colonies (Table 4). Some had the Ph! chromo- 
some as the only abnormality; the others had 48 to 64 
chromosomes, including the Ph! chromosome; the represen- 
tative karyotype of these cells was 53XX, +1, +3, +6, +10, 
+21, 220—, t(9;22), 17 p+. 

The distinction between the morphologically abnormal 
erythroid colonies and the granulomonocytic colonies was 
difficult. In the first set of experiments, nearly all the 
morphologically presumed granulocytic colonies were in fact 
erythroid when studied with markers of differentiation. Ina 
second set of experiments, we excluded the more dispersed 
colonies from plucking. Studies with MoAbs showed that 
75% of the harvested colonies were indeed granulomonocytic, 
but some were erythroid; this could explain the finding of six 
hyperdiploid mitoses in granulomonocytic colonies. In the 
presence of Epo, some “morphologically normal” erythroid 
colonies of patient Val only had the Ph! chromosome. Final- 
ly, blood cells from patient 6 were grown in suspension for 2 
months in the presence of a supernatant of the Mo-cell line2? 
More than 99% of the cells were granulocytic precursors at 
this time. Karyotypic analysis of these cells showed only the 
presence of a Ph? chromosome. 


DISCUSSION 


The nine cases presently described were found in a sample 
of 120 leukemic samples that could not be classified by 
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Table 4. Cytogenetics 
Number of Metaphases Studied 














Materíal* 543 44 45 46 47 48 49 50 51 

Case 6t 

B24h 7 2 2 

G M colonies (B) 2 5 4 5 t 

E colonies (B) 1 2 1 1 

2 month liquid culture (B) 2 1 1 2 
Case 5i 

B24h 

E colonies (M) 

E colonies (B) 1 3 

GM colonies (M) 1 6 

G M colonies (B) 3 8 
Case 95 

B4Bh 9 5 25. 52* 

B72h 8 5 1* 5 2 

E colonies 4 6° 9 1 














Number of Chromosomes 
52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 
4 6 3 5 3 1 
1 1 1 
3 3 $ 2 2 1 
1 1 1 2 1 1 2 1 1 
1 1 3 3 5 3 1 1 





Érythroid colonies were collected in cultures with Epo, GM colonies were grown with Mo-medium, PHA-LCM, or Mo-medium + Epo. °, 1 mitosis without marker; G M colonies, granulomonocytic 


colonies; E, erythroid; B, blood; M, bone marrow. 


*M 48 h, B 24 h, B 48 h, 8 72 h cultures of bone marrow for 48 hours, of blood for 24 hours, 48 hours, and 72 hours, respectively, without mitogens. 


{All metaphases with Ph’ chromosome. 
SAIl metaphases abnormal but not all identical. 


morphological and cytochemical criteria. Their phenotype 
differs from all other cases (see Table 5)“ by the constant 
expression of both CAI and the antigen identified by the FA6 
MoAb. In addition, the morphology of the blast cells from 
these cases was similar in many ways and was characterized 
by extremely basophilic cytoplasm and a large nucleus with 
one or two large nucleoli. Ultrastructural investigation of 
these nine cases (to be reported) has shown ferritin molecules 
located in peculiar cytoplasmic granules in the absence of 
rhopheocytosis vesicles. We have recently detected cells with 
the same morphology and the same ferritin-containing gran- 
ules in a highly enriched CFU-E fraction obtained from 
normal marrows. 

Investigation with other erythroid markers listed in Table 
3 led us to distinguish two main phenotypes that correspond 
to discrete stages of the normal erythroid differentiation (Fig 
2): 

(a) In patients | and 4, the phenotype is identical to that 
of an immature erythroblast. The main erythroid proteins 
are detected, including GPA identified by MoAbs. 

(b) In six patients (patients 3 and 5 through 9), the 
phenotype is related to that of a late erythroid progenitor. 
Leukemic cells are identified only by the early markers 


(CAL, FA6, Gerbich and A antigens), which are expressed 
by the normal CFU-E.?'?' HLA-DR antigen is not 
detected on the surface of these leukemic cells and has been 
demonstrated to be absent or expressed at low level by 
normal CFU-E.*'^* 

Leukemic cells from patient 2 have an intermediate phe- 
notype between these two groups because in addition to the 
early markers, spectrin and GPA (detected by a polyclonal 
antibody) were present. This last result suggests that GPA is 
synthesized in this patient in an incompletely-O-glycosylated 
form.” 

The erythroid origin of these leukemic cells was further 
sustained by the presence of the same karyotypic abnormali- 
ties in the blast cells and in the erythroid colonies obtained in 
three of these patients. It is noteworthy that in these three 
cases (patients 5, 6, and 9), cells composing the erythroid 
colonies have acquired the main erythroid proteins, such as 
Hb, whereas the blast cells were devoid of them. However, 
these colonies obtained with an unusually high plating effi- 
ciency were abnormal by their poor hemoglobinization and 
by their growth in the absence of added Epo. In patient 5, the 
karyotypic abnormalities added to the Ph' chromosome were 
present in the erythroid colonies but absent from the granulo- 


Table 5. Correlation Between Immunological Phenotype and FAB Classification for Leukemia 











Reactivity With Panel of Antibodies 











Leukemic Subtype i 
According to FAB R10 
Classification CAL MPO vWF 20-6 My10 My9  My?8 80H5 MO, B! J5 | 84 Ti!  ANSi1 J15 FAB RIB 
; MO*, M1 o * o * * * +a p= o o +4- 0 +j- o o IU 9 
Myeloblast 
Hue M2. M3 0 + o 0 0 * - + 0 0 0 0 +e 0 o o o 
, M4 o + 0 + o + +/- + + o o o o 0 o + o 
Monocytic 
M5 0 * o * TÍ— +- the + o o o o o o 0 0 0 
M7* mat?? o o ti- Ff [ o 0 ° o o o oO += + + + o 
Megakaryobiasti i 
arvoblastie — M7 ^^ immat? o o 0 à: + + ? Hs o o 0 0 0 o - 0 o 
M6 (eryth. compo- * IU [5 o o 0 o o o [U 0 o o o o * + 


Erythroblastic 
nent) 








Only the major cellular component is represented in this table. in some leukemic subtypes, other minor cellular components are frequently observed as megakaryoblasts in the Mo and M, subtypes, , 
myelobiasts in the M; and Me subtypes, or erythroblasts in the M; subtype. The lymphoid lineage-associated antigens identified by the J5 and T11 MoAb are expressed in some AML. This table is based on 


immunodiagnostic investigation of 310 cases of acute leukemia and blast crisis of CML. 


*Cytochemistry for myeloperoxidase was negative by light microscopy; however, these cases exhibited rare small granules containing myeloperoxidase at the ultrastructural level and have been called 


MO. This leukemic subtype is often labeled by the B0H5 MoAb in contrast to the M, subtype. 


TRevelation of platelet peroxidase was performed in these cases. The anti-vWF and the FA6- 152 MoAb are less sensitive than the J15 and ANS 1 MoAbs to detect M7 mature leukemia, 


§The antigen recognized by the My 7 MoAb is related to the cellular proliferation. 
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monocytic colonies with the exception of one ambiguous 
colony. The same result was obtained in patient 9, but we 
could not definitely separate the granulomonocytic from the 
erythroid colonies. However, in long-term suspension cul- 
ture, the granulocytic lineage could be grown in the absence 
of erythroid precursors. In this case, the cells exhibited only 
the Ph' chromosome. 

The phenotypes of these cases of erythroleukemia differ 
from those of the human erythroleukemic cell line K562, 
which expresses GPA and Hb'5 5: however, K562 cells are 
devoid of CAI," ABH antigens, and the antigen identified by 
FA6." These nine cases are also apparently different from 
previously described cases of AML or ALL, in which some 
cells were doubly labeled by a polyclonal antibody against 
spectrin and the OKM, MoAb. From this result, it was 
suggested that leukemic myeloblasts may abnormally 
express erythroid-specific genes.^ However, neither of these 
markers is truly lineage specific. Spectrin and spectrin- 
related proteins have been detected in non-erythroid cells, 
including the lymphoid lineage. The OKM, MoAb that 
recognizes the Cb, receptor? binds to cells of the granulo- 
monocytic lineage and to natural killer and some lymphoid 
cells. In addition, OKM, MoAb has recently been shown to 
bind to normal CFU-E.™ 

Erythroleukemia appears to be uncommon among de novo 
leukemias (about 1% to 2% in this study), whereas it may be 
much more common in blast crisis of CML and in Down's 
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cal’ 
A antigen 


Garbich antigen 


GPA* 
Saectrin® Fig 2. Pattern of the antigenic 
R10, R18 distribution-defined erythroid cell 
'! phenotypes during aduit differen- 
Hb tiation. The My7, Mo, B,, J5, T... 
ANS1, J15, and B, MoAbs-related 
R6A antigens have not yet been de- 


tected during erythroid differentia- 
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syndrome." 5 Among the 120 studied patients, erythroleu- 
kemia represented four of 30 cases of CML blast crisis and 
three of ten cases of Down's syndrome leukemias. 

In conclusion, erythroleukemia and erythroleukemic blast 
crisis of CML appear to be heterogenous. Most correspond to 
the CFU-E-like stage of the normal erythropoiesis. They 
may be an unique source of material with which to investi- 
gate the molecular mechanisms regulating human erythro- 
poiesis. 
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Hemoglobin Kóln: Direct Analysis of the Gene Mutation 
by Synthetic DNA Probes 


By J. Horst, R. Oehme, and E. Kohne 


The molecular defect leading to Hb Kóln has been analyzed 
by synthetic oligonucleotides. Thus, DNA of 19 nucleo- 
tides, in length corresponding to the normal and mutant 
B-globin gene sequences, were used to develop a direct 
assay for the "-gene that codes for this most common 
form of the unstable hemoglobins. The use of synthetic 


EMOGLOBIN (Hb) Kóln disease belongs to the group 
of nonspherocytic hemolytic anemias with a dominant 
inheritance pattern in which anemia is attributable to insta- 
bility of the Hb molecule. The molecular pathology of this 
most common of the unstable Hbs was found to be the result 
of replacement of valine with methionine at 8 98 (FG 5), 
causing increased oxygen affinity and instability, possibly 
because of hemedepletion.'? The clinical features of patients 
with Hb Kóln are those associated with hemolytic anemia. 
They may vary individually from mild to severe, and transfu- 
sion therapy might have to be started in childhood. 

The underlying molecular defect in the chromosomal 
DNA leading to the amino acid substitution in Hb Köln has 
not directly been analyzed thus far, but it can be explained 
by a G-to-A transition caused by a point mutation. A direct 
detection of the mutation by virtue of the specificity of 
restriction enzymes was not possible because of the lack of 
suitable endonucleases. However, identification of the chro- 
mosomes that have passed the mutant gene on for three 
generations was possible by analyzing linked polymorphisms 
for DNA restriction sites within the -globin gene cluster.’ 
Although the results indicated the possible use of this method 
for prenatal diagnosis from DNA to amniotic fluid cells or 
chorion biopsy material, a diagnosis could only be expected 
in those cases where the haplotype constellations were infor- 
mative, In all other cases prenatal diagnosis of the Hb Köln 
mutation has thus far been precluded because current Hb 
analysis is not available for identification of the 8-anomaly 
from fetal blood with absolute certainty. 

Here we report the detection of the Hb Kóln hemoglobin- 
opathy by direct analysis of the G-to-A transition mutation 
on the chromosomal DNA via synthetic oligonucleotide 
probes, thus establishing a method available for prenatal 
diagnosis of the disease. 


MATERIAL AND METHODS 


Oligonucleotides were labeled with adenosine 5’-y-"P-triphos- 
phates (y-"P-ATP) (NEN, Boston; >7,000 Ci/mmol) by a kinase 
reaction‘ using T4 polynucleotide kinase (Boehringer, Mannheim). 
Labeled oligonucleotides were separated from unreacted y-"P-ATP 
by chromatography on Whatman (Maidstone, Kent, England) DE 
52 cellulose. 

DNA samples of peripheral blood from normal and affected 
individuals were prepared as described. Ten to 12 ug DNA were 
digested overnight with EcoR1 (Bethesda Research Laboratories, 
Bethesda, Md) and additionally with Hpal (Boehringer, Mannheim, 
Germany) in the buffer recommended by the commercial suppliers 
at 37 °C. The samples of the digested DNA were electrophoresed in 
196 agarose. The gels were incubated overnight at room temperature 
in methanol (Epplen, personal communication) and dried for direct 
hybridization as described by Pirastu et al.' 
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oligonucleotides established that the Hb Kölin mutation is 
due to a G-to-A transition. The conditions described here 
should result in the determination of all Hb Kölin genotypes 
with a high level of confidence. 
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After three and a half hours' hybridization the gels were washed 
in 6x SSC (1) four times for 30 minutes at room temperature, (2) 
overnight at 37 °C, and (3) finally for a short time at hybridization 
temperature (8*-probes: HB19A, 55°C) and at a 10°C higher 
temperature respectively (8*-probe: H819k, 63 °C) as specified in 
figure legends and exposed to x-ray film (Kodak, XAR, Rochester, 
NY) with intensifying screens at —80 °C. 


RESULTS 


Mutational sequence and synthetic probes. The basis of 
the Hb Kóln disease is the substitution of the valine residue 
at position 98 of the normal 8^-peptide chain by a methio- 
nine residue in the 8*-chain.' Sequencing analysis of the 
human £^-globin gene has demonstrated that the codon for 
the valine residue at position 98 of the 6*-chain is GTG.* 
Since there is only one possible codon for methionine (ATG), 
it is very likely that the Hb Kóln hemoglobinopathy is caused 
by a point mutation involving a G-to-A transition at the 
corresponding position in the gene (Fig 1A). 

Recent investigations have shown that synthetic oligonu- 
cleotides exhibit an extremely specific hybridization behav- 
ior*'*'* and can therefore be used to detect single base-pair 
changes in genomic DNA.'*'* The specific oligonucleotides 
complementary to the 8^- and 8*-genotypes of the §-globin 
gene (Fig 1B) were taken to establish a molecular method for 
distinction between the normal and the mutated genes. 

Restriction fragments and genotype identification. 
Since it has been shown that restriction fragments one to 
three kilobases (kb) in size are optimal for the detection of 
single point mutations, combined digestions of the endonu- 
cleases EcoRI and Hpal were selected from the several 
possibilities for the generation of 2.2-kb restriction frag- 
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A p 
9 i ap asp lys leu his asp pro glu 
8 -globin gene: 5' -GAC AAG CTG CAC GTQGAT CCT GAG-3' 
probe: 
H619A 
a  -plobin: n 
G*-globin gene: 5' -GAC AAG CTG CAC ATQ GAT CCT GAG- 3" 
probe: 
H819K t i 
B 
Oligonucleotide Mismatchles) with globin genes 
sh os s w Cv e 
H819A 0 1 0 1 1 1 
HG19K 1 0 1 2 2 2 
Fig 1. A. Amino acid sequence and DNA sequence of the 


normal f (8^)-globin gene" and Hb Köln £ (5*)-globin allele.'? The 
connecting lines represent the DNA sequence of the synthetic 
oligonucleotides used in this study. B. Base-pair mismatchles) in 
duplex of synthetic oligonucleotide probe and DNA of the 8- and 
B-like globin genes.* ? 


ments that contain the genomic DNA sequence of interest 
(Fig 2C). The specific hybridization conditions of the syn- 
thetic 3*-oligonucleotides to the respective genomic DNAs 
were established by test hybridization of the terminally 
labeled 8^- and 3*-probes to the cloned human #4-globin 
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gene (data not shown) as well as to chromosomal DNA of 
normal and Hb Köln-affected individuals (Fig 2A and B) of 
a German family. 

With the 5* synthetic oligonucleotide probe, neither the 
lanes containing the serially diluted cloned B^-type/B-globin 
gene sequence (data not shown) nor the DNA from 6484 
genotype individuals showed hybridization signals (Fig 2B, 
lanes 4 to 6). Only DNA from the individuals with Hb Kóln 
yielded hybridization signals in the 2.2-kb position. Thus, the 
synthetic 8*-oligonucleotide probe is capable of distinguish- 
ing 8^8^ homozygotes from 8^8* heterozygotes. 


DISCUSSION 


We have adopted the recently described oligonucleotide 
mapping procedure for the analysis of single point muta- 
tions" *'* to detect the Hb Köln mutations in chromosomal 
DNA of affected individuals. By means of synthetic 8^- and 
8*-oligonucleotide probes it was possible to follow the segre- 
gation of the 3*-gene mutation through three generations of a 
family with Hb Kóln-affected members. 

The oligonucleotide analysis procedure has successfully 
been applied for diagnosis of some disorders like sickle cell 
anemia, §-thalassemias, and q,-antitrypsin deficiency. ??! 
Here genotype analysis relies on the detection of normal 
homozygotes, heterozygotes, and defective homozygotes 
exhibiting the respective three sets of intense (+ +), interme- 
diate (+ — ), and missing ( — —) band signals upon hybridiza- 
tion with oligonucleotides complementary to the normal (N) 
or the mutated (M) gene sequence: N ++ +— ——/M —- 
+—++. 


Fig.2. Direct gel hybridizations of the 
human genomic DNAs of normal (§*8*) 
and Hb Kóln-affected individuals (8*8^) 
with the 5-"P-end-labeled probes (A) 
H819A (8^ specific) and (B) H819k (5* 
specific). DNAs were digested with the 
restriction enzymes EcoRI and Hpal. The 
final wash of the two parallel gels (A and 
B) in 6 x SSC was carried out for (A) 2.5 
minutes at 55 °C (hybridization tempera- 


1 2 j 4 6 
-5,500 MB ig ul M 
tw “ew —7242 (5*8) 
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ture) and (B) three minutes at 63 °C (10 °C 
higher than the hybridization tempera- 
ture). (C) Map of the EcoRI (E) and Hpal 
restriction sites (H) in the 8- and ó-globin 
gene region." 
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In diseases with an autosomal dominant inheritance pat- 
tern, as in the Hb Kóln disorder, normal homozygotes are 
differentiated from Hb Kóln-affected ones by the first two 
sets of signals. Under controlled washing and hybridization 
conditions it can be seen that the probe specific for the 
mutated gene sequence yielded significant hybridization 
signals only with chromosomal DNAs from Hb Kóln geno- 
types. The use of the synthetic oligonucleotide probes 
described here together with the enzymatic digests should 
therefore result in the determination of all Hb Kóln geno- 
types with a high level of confidence. With regard to genetic 
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counseling, this method could be used together with chorion 
biopsy or amniocentesis to provide prenatal diagnosis in 
families at risk. 
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Autocrine Secretion of GM-CSF in Acute Myeloblastic Leukemia 


By Diane C. Young and James D. Griffin 


Three cases of acute myeloblastic leukemia (AML) were 
identified in which clonogenic cells proliferated autono- 
mously in vitro. Cells from two of these cases were found 
to secrete a colony-stimulating factor (CSF) that was 
immunologically and molecularly related to GM-CSF. 
Growth of AML-CFU could be blocked by the addition of a 
neutralizing antiserum to GM-CSF. Northern blot hybridiza- 
tion of leukemic cell mRNA with a cDNA probe for the 


CUTE MYELOBLASTIC LEUKEMIA (AML) isa 
highly lethal malignancy characterized by abnormal 
proliferation and differentiation of myeloid progenitor cells. 
The mechanisms that have allowed AML cells to escape 
from normal regulatory events are unknown. When AML 
cells are cultured in semisolid media, only a small subset of 
cells is capable of in vitro proliferation. These leukemic 
colony-forming cells (AML-CFU) share several features 
with normal myeloid progenitor cells, including a high 
thymidine suicide index,’ self-renewal potential,’ and the 
ability to undergo limited, although abnormal, differentia- 
tion to nonproliferative cells.* As with normal granulocyte- 
monocyte progenitor cells, the proliferation of AML-CFU 
generally requires the addition of colony-stimulating factors 
(CSFs). We examined AML-CFU from 15 patients with 
AML for proliferation in the absence of added CSFs and 
found that in three cases, colony formation occurred autono- 
mously in agar. Medium conditioned by the leukemic cells 
from two of these cases was found to contain a factor that 
could stimulate proliferation of normal bone marrow granu- 
locyte, monocyte, and eosinophil colony growth, as well as 
proliferation of AML-CFU from other AML patients. This 
report describes the immunological and molecular character- 
ization of the factor secreted by the leukemic cells in these 
cases. 


MATERIALS AND METHODS 


Leukemic cells from pretreatment bone marrow aspirate samples 
were cryopreserved until use. The diagnosis of AML in each case 
was established by morphology, cytochemistry, and surface antigen 
analysis. All samples contained more than 95% blasts and less than 
195 T lymphocytes (detected by immunofluorescence staining with 
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GM-CSF gene revealed a 1-kb message identical in size to 
the normal GM-CSF message in stimulated T cells. No 
GM-CSF message was detected in the third case. These 
results indicate that constituitive expression of the GM- 
CSF gene, apparently by leukemic cells, can result in 
autonomous in vitro proliferation of AML-CFU in some 
cases of AML. 

e 1986 by Grune & Stratton, Inc. 


anti-T3). The leukemic cells lacked expression of T cell markers T1, 
T3, or T11. In all experiments, residual T cells were further depleted 
by rosetting with sheep erythrocytes, and monocytes were depleted 
by plastic adherence. 

Secretion of CSF by leukemic cells was determined by assaying 
medium conditioned by leukemic cells for the presence of colony- 
stimulating activity for normal bone marrow CFU-GM. Condi- 
tioned medium (CM) was prepared by culturing AML cells at 1 x 
10°/mL in RPMI 1640 containing 10% fetal bovine serum for 48 
hours. Phytohemagglutinin (PHA)-stimulated (2 ng/mL) normal 
leukocytes were similarly cultured to prepare CM as a positive 
control. CM was then incorporated at various dilutions into the 
underlayer of a double-layer agar assay system.’ The agar overlayer 
contained 10°/mL light density normal bone marrow mononuclear 
cells. On day 14, colonies were stained in situ for alpha-naphthyl 
acetate esterase (monocytes), chloroacetate esterase (granulocytes), 
and Luxol fast blue (eosinophils).° 

AML-CFU were assayed as described" in a double-layer agar 
culture system (1 to 5 x 10* cells per culture). Where appropriate, 
purified recombinant GM-CSF (r-GM-CSF)$ or sheep anti-GM- 
CSF antiserum (both provided by Dr Steven Clark, Genetics Insti- 
tute, Cambridge, Mass) were added to the underlayer. The GM- 
CSF had been purified to a single band from medium conditioned by 
COS cells transfected with a vector containing the GM-CSF gene.* 
The anti-GM-CSF sheep serum had been prepared against purified 
recombinant GM-CSF and reacted with a single broad band (appar- 
ent molecular weight 19 to 26 kd) by Western blot of the r-GM-CSF 
preparation used in this study. Clusters of more than eight leukemic 
blasts were counted on day 7. Preimmune sheep serum at the same 
dilution had no effect on colony growth. 

Total cellular RNA (10 ug) was isolated as described. Samples 
were fractionated on a 1.2% agarose gel with 6% formaldehyde and 
transferred to a nylon membrane (Gene Screen Plus, New England 
Nuclear, Boston). The membrane was hybridized to the Ahalll- 
EcoRI fragment of the human GM-CSF cDNA labeled to a specific 
activity of 10° cpm/yg using oligonucleotide primers and "P-dCTP, 
as described.* Hybridization was performed at 60°C in a solution 
containing 1 mol/L NaCl, 1% sodium dodecyl sulfate (SDS), 10% 
dextran sulfate, 100 ug/mL salmon sperm DNA, and 5 x 10° 
cpm/mL labeled probe. The membrane was washed with 2x SSC/ 
1% SDS for one hour at 60 °C and 0.1XSSC at room temperature 
for one hour. In some experiments, the transfer membranes were 
washed free of GM-CSF probe with boiling 0.1 x SSC/0.1% SDS 
and rehybridized with a cDNA probe for the constant region of the 
alpha chain of the T cell antigen receptor, Ti,’ supplied by Dr Ellis 
Reinherz (Dana-Farber Cancer Institute). 


RESULTS 


Medium conditioned by leukemic cells for 48 hours was 
tested for CSF activity and compared with a standard source 
of medium conditioned by lectin-stimulated T cells (Table 


Blood, Vol 68, No 5 (November), 1986: 1178-1181 


EXPRESSION OF GM-CSF GENE IN AML 


Table 1. Secretion of CSF by Leukemic Cells 





D. 14 CFU-GM/ 10° Marrow Cells 





Conditioned G/M or 
Case Medium (96) Granulocyte Monocyte Eosinophil 

1 10 44 28 9 

1 41 31 8 

0.1 42 32 8 

0.01 33 21 3 

2 10 37 31 6 

1 21 26 2 

0.1 3 7 0 

3 10 0 0 0 

1 o 0 0 

0.1 0 0 0 

PHA-LCM 10 35 87 9 
1 6 12 1 

0.1 1 1 0 

o 0 0 0 





Medium conditioned by culture with 1 x 10° AML cells per milliliter for 
48 hours was assayed for CSF activity using normal marrow CFU-GM as 
target cells. At day 14, colonies were stained in situ for chloroacetate 
esterase, alpha naphthyl acetate esterase, and Luxol fast blue to 
determine colony composition. PHA-LCM, phytohemagglutinin-stimu- 
lated normal leukocytes. 


1). A CSF activity for normal marrow granulocyte, mono- 
cyte, and eosinophil colony-forming cells (CFU-GM) was 
found in media from two of the leukemic samples. The titer 
of CSF activity in medium from case 1 was tenfold to 
100-fold higher than in medium from case 2 or PHA- 
stimulated T cells. Promotion of eosinophil colony growth 
suggested a functional similarity with GM-CSF, as human 
G-CSF and CSF-1 do not promote eosinophil colony forma- 
tion. Medium from case 3 or from unstimulated T cells, 
monocytes, or normal marrow mononuclear cells did not 
contain detectable CSF activity. 

The effects of adding a monospecific neutralizing antise- 
rum to agar cultures of AML-CFU from these cases was 
tested (Table 2). Anti-GM-CSF antibody markedly dimin- 
ished autonomous colony formation in cases | and 2 but had 
no detectable effect in case 3. The inhibitory effects of the 
antiserum could be abrogated by adding an excess of GM- 
CSF. The effects of adding purified recombinant GM-CSF* 
alone were also tested. In case 1, addition of GM-CSF did 
not increase AML-CFU number, but did increase colony 
size, whereas in cases 2 and 3, both colony size and number 
were increased. 

Because the cells of cases | and 2 were apparently 
secreting a CSF functionally and immunologically related to 
T cell GM-CSF, further experiments were undertaken to 
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exclude the possibility that contaminating T cells were 
secreting GM-CSF despite the absence of morphologically or 
immunologically identifiable T cells. Immunofluorescence 
analysis using anti-T!1 as a pan-T cell marker revealed less 
than 0.1% T11+ cells in cases 1 through 3. Leukemic cells 
from cases | and 2 were also positively selected by fluores- 
cence-activated cell sorting after staining with myeloid cell 
surface antigen-specific monoclonal antibodies anti-M Y7 or 
anti-MY9." [n each case, medium conditioned by positively 
selected leukemic cells (>99% MY7+ or MY9+) contained 
titers of CSF as high as found in medium conditioned by 
unsorted cells. In other experiments not shown, conditioned 
media from cases | and 2 were assayed for the presence of 
two other T cell lymphokines: gamma-interferon (y-IFN) 
and interleukin 2 (IL 2). The amounts of these T lympho- 
kines was below the level of detection (less than 5 U/mL of 
y-IFN and 0.1 U/mL IL 2). Sorting experiments were also 
done with the antimonocyte antibody MY 4'' in case | (case | 
had 5% MY4+ cells; case 2, 0%) to determine if only 
leukemic *monocytes" could secrete CSF. High titers of 
CSF were found in both MY4+ and MY4-— fractions. 

The nature of the CSF secreted by these leukemic cells 
was further investigated by Northern blot analysis! of leu- 
kemic cell mRNA using a cDNA probe for GM-CSF. A 
1.0-kb message was detected in cases | and 2, but no message 
was detected in case 3 (Figs 1A and 2). The message was 
identical in size to that found in PHA- or phorbol myristate 
acetate-stimulated normal T cells. In data not shown, this 
message was shown to be undetectable in unstimulated 
normal T cells, normal monocytes, or T cell-depleted bone 
marrow mononuclear cells. Rehybridization of the AML 
blots with a probe for the alpha chain of the T cell receptor 
showed absence of this T cell-specific message (Fig 1B), 
further suggesting that T cells were not the source of 
GM-CSF in these leukemic specimens. 


DISCUSSION 


The results described here suggest that constituitive 
secretion of GM-CSF in human AML can promote autono- 
mous proliferation of leukemic cells in vitro. In normal cells, 
the GM-CSF gene is expressed by activated T cells, but not 
by resting T cells or other hematopoietic cells.“ In particu- 
lar, normal monocytes and T-depleted marrow cells have not 
been shown to express the GM-CSF gene.” We therefore 
attempted to determine if the GM-CSF in the AML samples 
studied here was from T cells or leukemic cells. The samples 
contained less than 0.1% T cells by immunofluorescence, and 
rehybridization of the Northern blots with a probe specific 
for a “marker” T cell message (the alpha chain of the T cell 


Table 2. Autonomous Proliferation of AML-CFU 




















Gate No. AML-CFU/10* Celis = 
(Sex, Age, FAB Medium Anti-GM-CSF Anti-GM-CSF r-GM CSF 
Classification} Control (1/100) 4 r-GM-CSF (0.1 pg/m} 

1. F, 4 yr, FAB MT 1,090 « 110 80 + 9 620 + 97 1,080 + 131 

2. M, 37 yr, FAB M1 81+ 29 17+ 15 226 +6 299 + 19 

3. M, 73 yr, FAB M4 255 + 40 286 + 24 280 + 24 387 + 50 








The French-American-British (FAB) classification was determined as described."  Anti- GM-CSF serum (sheep) was incorporated into the culture 


System at a final dilution of 1:100. 
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Fig 1. Northern blot analysis of T lymphocytes and case 1 
AML mRNA. Total cellular RNA was fractional on an agarose gel, 
blotted onto a nylon membrane, and hybridized with a “P-labeled 
cDNA probe for GM-CSF (A). The same blot was then washed and 
rehybridized with a cDNA probe for the alpha chain of the T cell 
antigen receptor Ti (B). Lane 1, AML case 1; lane 2, PHA- 
stimulated T cells; lane 3, PMA-stimulated T cells. 


antigen receptor) revealed no detectable T cell RNA. Fur- 
ther, other T cell lymphokines (y-IFN and IL 2) were 
absent. These results favor the conclusion that the leukemic 
cells themselves are the source of GM-CSF, but the possibil- 
ity that a small subset of non-leukemic cells is selectively 
secreting GM-CSF can not be excluded by these methods. 
Although GM-CSF transcripts were not detected in nor- 
mal marrow mononuclear cells, myeloid progenitor cells are 
a small fraction of all marrow cells, and it is not possible to 
exclude the possibility that normal progenitor cells also 
express the GM-CSF gene. This is unlikely, however, since 
purified normal myeloid progenitor cells neither proliferate 
autonomously nor secrete detectable CSF (J.D.G., unpub- 
lished observations, 1986). Studies on the regulation of the 
GM-CSF gene in AML and in T cells may help to clarify 
some of these issues. It is noteworthy that the amount of 
biologically active GM-CSF secreted by cases 1 and 2 did not 
correlate with the amount of GM-CSF mRNA. There are 
many possible explanations, including the production of an 
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Fig 2. Northern blot analysis of GM-CSF mRNA from AML 
cases 1, 2, and 3. Lane 1, normal T lymphocytes stimulated with 
phorbol myristate acetate; lane 2, case 1; lane 3, case 2; lane 4, 
case 3. 


inactive, unstable, or nonsecreted CSF, or an mRNA that is 
not readily translated. 

It is unlikely that “autocrine” secretion of a CSF could be 
the sole cause of AML, since a block in differentiation is also 
necessary to cause a disorder such as AML. However, 
because AML cells frequently use GM-CSF to proliferate in 
vitro,” it is possible that production of this factor by some 
cases of AML contributes to the overwhelming cellular 
proliferation characteristic of AML. Further, these results 
support hypotheses based on murine myeloid cell lines'*? 
and avian marrow cells!'*"" that abnormalities of CSF genes 
may contribute to the pathogenesis and abnormal prolifera- 
tion of leukemias. 

The cause of the constituitive expression of the GM-CSF 
gene in the two cases of AML reported here will require 
further investigation. Neither case | nor case 2 had morpho- 
logically detectable abnormalities of the long arm of chromo- 
some 5, the location of the GM-CSF gene. Southern blot 
analysis of DNA from cases | and 2 cut with restriction 
endonucleases EcoR1, Hindili, BamH1, and Bgll has not 
revealed GM-CSF gene rearrangements using both a cDNA 
probe and a genomic probe (pCH 5.2)" and further does not 
suggest gene amplification. The constituitive activation of 
the GM-CSF gene in AML may be due to mutations in 
regulatory sequences for the gene not detected by the probes 
used in this study. Finally, autonomous proliferation of 
AML-CFU in case 3 was not due to GM-CSF expression, 
suggesting that other mechanisms exist to bypass the CSF 
requirement. 
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Further details, advance registration and hotel reservation forms are available from: Dr Adrian Gee, First International 
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FL 32610. 
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When an IGIV is dependable 
enough for home care 
therapy- its dependable. 


GAMMAGARD? IGTV is dependable. Today its 
the only IGIV not contraindicated in selective 
IgA deficiency IGIV products with a significant 
amount of IgA have caused life-threatening 
anaphylactic reactions. The IgA content in 
GAMMAGARD? IGIV is very low—not more than 
10 pg/ml. Of course GAMMAGARD® IGIV should 
still be given with caution in IgA-deficient patients. 
Home administration of IGIV is both feasible 
and reliable. Thats the conclusion reached by 
researchers at the University of Washington, their 
views were published recently in a letter to 
Lancet*. The letter went on to say, “(Home 
administration ) permits more frequent infusion 
and the maintenance of near-normal serum IgG 
levels. (It) is more convenient and cheaper than 
hospital treatment, and the patients are pleased..." 
Travenol has a service that supports the use 
of GAMMAGARD® IGIV for home care therapy. 
Hyland™ Plus is a mature, tested program 
designed to help you manage immune deficiency 
The service is complete, yet flexible enough to 
meet the needs of a particular physician-patient 
relationship. 

You decide how GAMMAGARD® IGIV and the 
Hyland™ Plus program will best serve your 
patient. The service includes inventory manage- 
ment; automated status reports to physicians; 

a network of licensed pharmacies; training 

and education as required; a nationwide delivery 
service; and assistance with billing and collections. 
When your immunocompromised patients 
are ready for home therapy, think of 
GAMMAGARD® IGIV—the IGIV with remarkably 
high titers for an impressive variety of pathogens, 
very low levels of IgA, and high levels of purified 
IgG monomer—as well as an excellent service to 
support its use at bome. 

*Wedgwood, Ralph J., et al., (1986): Intravenous IMMUNO 


globulin Home Treatment for Patients with Primary 
Immunodeficiency Diseases. Lancet, (March 151 pp. 610-611. 


TRAVENOL LABORATORIES, INC. 
HYLAND THERAPEUTICS DIVISION 


For further information call 800/423-2090: 
from California 800/232-2200. 
See the reverse for full prescribing information. 











DIRECTION INSERT 


Immune Globulin Intravenous (Human) 


GAMMAGARD® 
DESCRIPTION 
Immune Globulin Intravenous (Human), 
GAMMAGARD® * is a sterile, dried, highly purified 


preparation of immunoglobulin which is derived from 
the cold ethanol fractionation process and is fur- 
ther purified using ultrafiltration and ion exchange 
adsorption. When reconstituted with the appropriate 
volume of diluent, this preparation contains approx- 
imately 50 mg of protein per mL, of which at least 
90% is gamma globulin. The reconstituted product 
contains approximately 1% sodium chloride, not 
more than 20 mg/mL glucose, not more than 
0.2 g/dL PEG, and 03M glycine as a stabilizing 
agent. It has a pH of 68+0.4. 

The manufacturing process for Immune Globulin 
Intravenous (Human), GAMMAGARD, isolates 
gamma globulin without additional chemical or 
enzymatic modification and the Fc portion is main- 
tained intact. Immune Globulin Intravenous (Human), 
GAMMAGARD contains all the immunoglobulin G 
antibody activities which are present in the donor 
population. On the average, the distribution of IgG 
subclasses present in this product is the same as 
is present in normal plasma? Immune Globulin Intra- 
venous (Human), GAMMAGARD contains only trace 
amounts of IgM and IgA. 

Immune Globulin intravenous 
GAMMAGARD contains no preservative. 

This product has been prepared from large pools 
of human plasma which was taken only from plasma 
units found to have normal levels of alanine amino- 
transferase (ALT). Each unit of plasma used in the 
manufacture of this product has been found to be 
nonreactive for HBsAg and HTLV-II antibody by 
FDA approved tests. 


CLINICAL PHARMACOLOGY 

Immune Globulin Intravenous (Human), 
GAMMAGARD contains a broad spectrum of IgG 
antibodies against bacterial and viral agents that 
are capable of opsonization and neutralization of 
microbes and toxins. 

Peak levels of IgG are reached immediately after 
infusion of Immune Globulin Intravenous (Human), 
GAMMAGARD. It has been shown that IgG is 
distributed relatively rapidly between plasma and 
extravascular fluid until approximately half of the 
total body pool is partitioned in the extravascular 
space. A rapid initial drop in serum levels is, 
therefore, to be expected.? 

As a class, IgG survives longer in vivo than other 
serum proteins.2,3 Studies show that the half-life of 
Immune Globulin Intravenous (Human), 
GAMMAGARD is approximately 24 days. These find- 
ings are consistent with reports of a 21 to 25 day 
half-life for igG.2,3.4 The half-life of IgG can vary 
considerably from person to person, however. In 
particular, high concentrations of IgG and hyper- 
metabolism associated with fever and infection have 
been seen to coincide with a shortened half-life of 
19G.2,3.4,5 


INDICATIONS AND USAGE 


Antibody Deficiency 

immune Globulin Intravenous (Human), 
GAMMAGARD is efficacious in the treatment of 
primary immunodeficient states in which severe 
impairment of antibody forming capacity has 


(Human), 


been shown, such as: congenital agammaglobu- 
linemias, common variable immunodeficiency, 
Wiskott-Aldrich syndrome, and severe combined 
immunodeficiencies.4.5 

Immune Globulin Intravenous (Human), 
GAMMAGARD is especially useful when high levels 
or rapid elevation of circulating gamma globulins 
are desired or when intramuscular injections are 
contraindicated. 


CONTRAINDICATIONS 
None known. 


WARNINGS 

Immune Globulin Intravenous (Human), 
GAMMAGARD should only be administered intra- 
venously. Other routes of administration have not 
been evaluated. 

Immune Globulin Intravenous (Human), 
GAMMAGARD contains very low quantities of IgA 
(not more than 10 pg/ml.) and although no instances 
of anaphylaxis associated with the use of this pro- 
duct have been observed during the clinical trials, 
such reactions have been observed with other im- 
munoglobulin products.5.6 Immune Globulin 
Intravenous (Human), GAMMAGARD should be given 
with caution to patients with antibodies to IgA or 
selective IgA deficiencies. 


PRECAUTIONS 


Drug Interaction 

Admixtures of Immune Globulin Intravenous 
(Human), GAMMAGARD with other drugs have not 
been evaluated. It is recommended that immune 
Globulin intravenous (Human), GAMMAGARD be ad- 
ministered separately from other drugs or medica- 
tion which the patient may be receiving. 


Pregnancy Category C 

Animal reproduction studies have not been con- 
ducted with Immune Globulin Intravenous (Human), 
GAMMAGARD. it is also not known whether Immune 
Globulin Intravenous (Human), GAMMAGARD can 
cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. immune 
Globulin Intravenous (Human), GAMMAGARD should 
be given to a pregnant woman only if clearly needed. 


ADVERSE REACTIONS 

The incidence of untoward reactions to Immune 
Globulin Intravenous (Human), GAMMAGARD is low, 
although various minor reactions, such as head- 
ache, fatigue, chills, backache, lightheadedness, fever 
and nausea may occasionally occur. The incidence 
of these reactions during the clinical trials was less 
than 696. Slowing or stopping the infusion usually 
allows the symptoms to disappear promptly. 

Immediate anaphylactic and hypersensitivity re- 
actions due to previous sensitization, although they 
have not been observed during the clinical trials, are 
a possibility. Epinephrine should be available for treat- 
ment of any acute anaphylactoid reaction. (See 
WARNINGS.) 


DOSAGE AND ADMINISTRATION 


Antibody Deficiency 

For patients with primary immunodeficiencies, 
monthly doses of at least 100 mg/kg are recom- 
mended. initially, patients may receive 200-400 
mg/kg. As there are significant differences in the 
half-life of IgG among patients with primary im- 
munodeficiencies, the frequency and amount of im- 
munoglobulin therapy may vary from patient to 
patient. The proper amount can be determined by 


monitoring clinical response and/or the serum IgG 
levels before each dose, to insure that they do not 
drop below 500 mg/dL. 
Rate of Administration 

itis recommended that initially a rate of 05 mL/kg 
per Hr be used. If infusion at this rate causes the 
patient no distress, the administration rate may be 
ird increased but should not exceed 4 mL/kg 
per Hr. 

A rate of administration which is too rapid may 
cause flushing and changes in pulse rate and blood 
pressure. Slowing or stopping the infusion usually 
allows the symptoms to disappear promptly. 
Administration 

Immune Globulin Intravenous (Human), 
GAMMAGARD should be administered as soon after 
reconstitution as possible. Administration should not 
begin more than 2 hours after reconstitution. 

The reconstituted material should be at room 
temperature during administration. 

Parenteral drug products should be inspected 
visually for particulate matter and discoloration prior 
to administration, whenever solution and container 
permit. 

Follow directions for use which accompany the ad- 
ministration set. If a Hyland set is not used, make 
sure the administration set contains an adequate filter. 
How Supplied 

immune Globulin Intravenous (Human), 
GAMMAGARD is supplied in either 2.5 g or 5.0 g 
single use vials. Each vial of immune Globulin intra- 
venous (Human), GAMMAGARD is furnished with 
a suitable volume of Sterile Water for Injection, USP, 
a transfer device and an administration set which 
contains an integral airway and a 15 micron filter. 


Storage 

Immune Globulin Intravenous (Human), 
GAMMAGARD should be stored under ordinary 
refrigeration, (2 to 8 °C, 36 to 46 °F). Freezing should 
be avoided to prevent the diluent bottle from breaking. 
REFERENCES 
1. Unpublished data in the files of Travenol Labora- 
tories, Inc. 
2. Waldmann TA, Storber W: Metabolism of 
immunoglobulins. Prog Allergy 13: 1-110, 1969 
3. Morell A, Riesen W: Structure, function and cata- 
bolism of immunoglobulins in lmmunohernotherapy. 
Nydegger UE (ed), London, Academic Press, 1981, 
pp 17-26 
4. Stiehm ER: Standard and special human immune 
serum globulins as therapeutic agents. Pediatrics 
63:301-319, 1979 
5. Buckley RH: Immunoglobulin replacement therapy: 
indications and contraindications for use and variable 
IgG levels achieved in Immunoglobulins: Character- 
istics and Use of Intravenous Preparations. Alving 
BM, Finlayson JS (eds), Washington, DC, U.S. De- 
partment of Health and Human Services, 1979, pp3-8 
6. Burks AW, Sampson HA, Buckley RH: Anaphylactic 
reactions following gammaglobulin administration 
in patients with hypogammaglobulinemia: detection 
of IgE antibodies to IgA. Submitted for publication. 
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Let REFERENCE MANAGER do it for you! 
* Provides total management of your 
personally selected references. 
* Interfaces with national data bases. 
* Locates references you can't find and 
organizes reprint files. 
* Numbers citations in the text of your 
Paper, sequentially or alphabetically. 
Can even put authors’ names in text. 
© Assembles formatted bibliographies 
according to publishers’ specifications. 
Your paper is ready to send off. 
Please contact RESEARCH INFORMATION SYSTEMS, INC. 


1991 Village Park Way, Suite 206 
Encinitas, California 92024 


Toll free 1-800-722-1227 1-619-753-3914 in California 



















BLOODTRAK? 
AN AUTOMATED 

HOSPITAL TRANSFUSION 
SYSTEM 






MAJOR FUNCTIONS: 









Patient Information 
Patient Crossmatch 
Blood inventory 

CAP Workload Reporting 


BAR CODE DATA ENTRY 


BLOODTRAK® is designed to run on the HP 150 Touchscreen Hi 
personal computer. Direct communications with American Red 
Cross Regional Blood Centers is possible 











FOR MORE INFORMATION CALL: 
CUSTOM APPLICATION SYSTEMS, INC. 


(213) 820-5800 
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TOTAL 
RESPONSIBILITY 
& CAPABILITY 


in Radio Frequency & 
Heat Sealing 


Solution warming 


Pressure cuff 


Mobile infusion 


Enteric feeding 


IV/Blood Blood cell separation 





Expertise, Flexibility, Quality — 
Rely on ETHOX 


Rely on ETHOX for RF or heat sealing 
of PVC, polyethylene or other films for 
medical disposables. ETHOX satisfies the 
requirements of leading medical equipment 
& pharmaceutical firms for sterile film 
and tubing assemblies for a multitude of 
medical applications. 


For design flexibility & technical excellence, 


bring your sealing needs to ETHOX today. 


For complete medical device development, 
production, and/or contract EtO sterilization, 


you can rely on ETHOX's quarter-century 
of expertise. 






Send for FREE 22-page 
color brochure on 


< 5 ETHOX TRC. 
E IX Ethox Corp.. 251B Seneca St., 
AX Buffalo, NY 14204-2088 


CORP. 716-842-4000 * 800-521-1022 
TAC/Total Responsibility & Capability 





"If I Grow Up..." 


Playing “grown-up”. One of 
the joys of chiidhood. Dress- 
ing in "grown-up" clothes, 
walking in “grown-up” shoes, 
and mocking “grown-up” 
words. 


But everyday, children are 
stricken with the most 
dreaded of all “grown-up” 
diseases—cancer. And their 
games are ended. 


To too many of these child- 
ren, playing “grown-up” will 
never be anymore than that 
—playing. Many of these 
children won't even play 
“grown-up” again. 


At St. Jude Children's 
Research Hospital, we're 
fighting to put an end to 
this senseless loss, and 
we're working toward a day 
when no innocent “grown-up” 
will lose her life to cancer. 


To find out how you 
can help in this desperate 
struggle, write to St. Jude, 
505 North Parkway, 
Memphis, TN 38105, or 
call 1-800-238-9100. 


ST. JUDE CHILDREN'S 
RESEARCH HOSPITAL 
ba Danny Thomas, Founder 





The first troche treatment 
or oropharyngeal 
candidiasis. 





Betore treatment 





High clinical cure* rates. Good patient acceptance, 
A clinical cure rate of 96% was achieved in minimal side effects. 


one randomized double-blind trial? in which With MYCELEX Troche, mess\ suspensions 
MYCELEX Troche was administered to and lengthy swishing are things of the past 


patients with oropharyngeal candidiasis. MYCELEX Troche has a pleasant, slightly 
Other investigators have concluded that 


MYCELEX Troche “is highly effective 


treatment for chronic oral candidiasis. "? 


sweet taste. And an entire day5 therapy 

5 tr xches— can easily be carried in [Xx cket 
or purse. 

D A Based on a study of 52 episodes of 

: ramatic improvement oropharyngeal candidiasis, the investigators 
In symptoms. stated: “We believe that the troche form of 
clotrimazole...in the treatment of thrush in 
any patient population...is both effective 
and safe. "?* 


Patients attain a high degree of relief at the 
end of therapy, as evidenced by the dramatic 
decrease in severity of glossitis, patches, 
perleche, pain, and other clinical signs and 
symptoms of thrush.4 


" Clinical cure is defined 


f the disease 


as absence of signs and symptom 


‘See adjacent page for summary of prescribing information, 
including contraindications and adverse reactions 


Mycelex Troche 


Clotrimazole). = 
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The only troche 


for oropharyngeal 
candidiasis. 


MYCELEX? (clotrimazole) TROCHE 


indications and Usage: Mycelex Troches are indicated 
for the local treatment of oropharyngeal candidiasis. 
The diagnosis should be contirmed by a KOH smear 
and/or culture prior to treatment. 

Contraindications: Mycelex Troches are contra- 
indicated in patients who are hypersensitive to any of 
the components 

Warning: Mycelex Troches are not indicated for the 
treatment of systemic mycoses. 

Precautions: Abnormal liver function tests have been 
reported in patients treated with clotrimazole troches; 
elevated SGOT levels were reported in about 1596 of 
patients in the clinical trials. In most cases the eleva- 
tions were minimal and it was often impossible to 
distinguish effects of clotrimazole trom those of other 
therapy and the underlying disease (malignancy in 
most cases), Periodic assessment of hepatic function is 
advisable particularly in patients with preexisting 
hepatic impairment, 

Since patients must be instructed to allow each 
troche to dissolve slowly in the mouth in order to 
achieve maximum effect of the medication, they must 
be of such an age and physical and/or mental 
condition to comprehend such instructions. 

Carcinogenesis: An 18-month dosing study with 
clotrimazole in rats has not revealed any carcinogenic 
effect. 

Usage in Pregnancy: Pregnancy Category C 
Clotrimazole has been shown to be embryotoxic in 
rats and mice when given in doses 100 times the 
adult human dose (in mg/kg), possibly secondary to 
maternal toxicity. The drug was not teratogenic in mice, 
rabbits, and rats when given in doses up to 200, 180, 
and 100 times the human dose. 

Clotrirnazole given orally to mice from nine weeks 
before mating through weaning at a dose 120 times the 
human dose was associated with impairment of mating. 
decreased number of viable young, and decreased 
Survival to weaning. No effects were observed at 60 
limes the human dose. Whén the drug was given to rats 
during a similar time period at 50 times the human 
dose, there was a slight decrease in the number of pups 
per litter and decreased pup viability, 

There are no adequate and well-controlled studies in 
pregnant women. Clotrimazole troches should be used 
during pregnancy only if the potential benefit justifies 
the potential risk to the fetus, 

Pediatric Use: Safety and effectiveness of clotrimazole 
in children below the age of three years have not been 
established, theretore, its use in such patients is not 
recommended. 

Adverse Reactions: Abnormal liver function tests have 
been reported in patients treated with clotrimazole 
troches; elevated SGOT levels were reported in about 
15% of patients in the clinical trials (see Precautions 
section). 

Nausea and vomiting was reported in about one in 
20 patients. 

Dosage and Administration: Mycelex Troches are 
administered only as a lozenge that must be dissolved 
slowly in the mouth. The recommended dose is one 
troche five times a day for 14 consecutive days. 

Only limited data are available on the safety and 
effectiveness of the clotrimazole troche after prolonged 
administration, therefore, therapy should be limited tc 
short-term use, if possible. 

How Supplied: Mycelex Troches—- white, discoid, 
uncoated tablets are supplied in bottles of 70 and 140. 
Each tablet will be identified with the following: Miles 
095. 

Store below 86°F (30°C), avoid freezing. 
References: 1. Montes LF, et al: Clotrimazole troches: a 
new therapeutic approach to oral candidiasis. Cutis 
17:277-280, 1976. 2. Yap B-S, Bodey GP: Oropharyngeal 
candidiasis treated with a troche form of clotrimazole 
Arch Intern Med 139:656-657, 1979. 3. Kirkpatrick CH, 
Alling DW: Treatment of chronic oral candidiasis 
with clotrimazole troches: a controlled clinical trial. 

N Engl J Med 299:1201-1203, 1978. 4, Data on fiie, 
Miles Pharmaceuticals. 
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Miles Pharmaceuticals 


Division of Miles Laboratories. inc. 
West Haven, Connecticut 06516 USA 


i$ 1983 MILES PHARMACEUTICALS 
DIVISION OF MILES LABORATORIES, INC. DOM-2242 














SIX WARNING 

SIGNS OF 

KIDNEY RELATED 

DISEASES 
Burning or 
difficul 
durin 
urination 


o More 


frequent 
urination, 
particularly 
at night 


Passage 

Ó Ô ^, Of bloody- 
3 4 () appearing 
Ô N urine 

( 


Puffiness 
around eyes, 
swelling of 
hands and feet, 
especially in 
children 


Pain in 

small of back 
just below 

the ribs 

(not aggravated 
by movement) 








For further information contact: 


National Kidney Foundation of New York, Inc. 
432 Park Avenue South 
New York, NY 10016 





Coulter Immunology a division of Coulter Corporation 


































































































NEW PRODUCTS AND CONJUGATES 
co FITC RD! O EXPAND YOUR 
T3 e. e | 
i = 
«++ CELL SURFACE STUDIES 
Nc as e e | 
F eee 
n x  .— WITH TWELVE 
Tat * e 
E . x cd NEW PRODU CTS. 
B2 e _@ 
Es S: z FROM A SINGLE SOURCE. 
LUMYT aee enc cc - NS NEM 
MY9 * | ; 

[2 e : | . Coulter offers the broadest line of monoclonal 
_B i | * antibodies and now provides you 12 new conju- 
5. e * gates with a phycoerythrin derivative (RD1) or 
PCA-1 i * fluorescein (FITC). This chart represents a par- 

MslgG1 . . tial listing of COULTER CLONE' monoclonal 
MslgG2a — e e , antibodies. Coulter Immunology offers many 
-MslgG2b x innovative and unique products that include the 
LMsgG — — : k first T4 subset markers, 4B4 and 2H4. The first 
(Mig 2 * | B-cell specific antibodies. The first complete line 
e Existing conjugates. New products and conjugates. — | Of isotypic controls. The first and only Natural 
"S MORE COMING SOON. |. Killer cell-specific monoclonal antibodies. Coul- 








'. ter Immunology can provide you with total sup- 
port for your cell surface phenotyping studies, 
giving you the most reliable, precise, and accu- 
rate answers with state-of-the-art technology. 


YOUR CHOICE zs 
OF CONJUGATES emittens 
e Increase flexibility and convenience when 
FOR 2/ COLOR designing test protocols. 


e Study activation states of Total T-cells (T11/Ta1 


ANALYSIS. ee nx or Immunocompetent T-cells (T3/Ta1 


ORDERING INFORMATION. Call us toll-free for additional product information and a copy of our Price List 

1-800-327-3778 (U.S.) or 1-800-432-6518, Ext. 6880 (Florida). For research use only; not for diagnostic or 
therapeutic use. COULTER CLONE isa registered trademark of Coulter Corporation. Copyright 1986. Coulter 
Immunology, 440 West 20th Street, Hialeah, FL 33010. 


The Sickled Cell 


From Myths to Molecules 
Stuart J. Edelstein 


Written by a world-renowned expert 
on hemoglobin, this book is the first 
attempt to summarize all that we know 
about the historical and cultural roots 
of sickle cell anemia and the molecular 
details of how it attacks humans. 


$25.00 at bookstores, or from 


Harvard University Press 
79 Garden St., Cambridge, MA 02138 














SCIENTIFIC DIRECTOR —The American 
Red Cross Blood Services, Northwest 
Ohio Region, invites application to estab- 
lish/direct a research and development 
department. Candidate must hold a PhD 
in a biological science and experience in 
blood, tissue, or organ preservation is es- 
sential. Faculty appointment at assistant/ 
associate professor level at local medical 
school is available and encouraged. Send 
curriculum vitae to: 

| American Red Cross 

| 2275 Collingwood Blvd. 

| Toledo, Ohio 43620 

| 
| 


| Equal Opportunity/Affirmative Action Employer 








POSTDOCTORAL FELLOWSHIP 
IN BLOODBANKING 


LCGME approved, starting July 1, 1987 at the 
Hoxworth Blood Center of the University of Cin- 
cinnati, serving 30 hospitals and physically located 
in a Medical Center which includes the Medical 
School, the University Hospitals, Children's Hos- 
pital, and the VAH Medical Center. Special fea- 
tures include large crossmatching service, well- 
known reference laboratories and SBB-Masters 
immunohematology program; apheresis program; 
histocompatibility laboratories; kidney, heart, 
liver and bone marrow transplantation programs; 
active research program. Other educational activi- 
ties include clinical rounds, seminars, journal club, 
and training of medical and technology students, 
pathology and hematology fellows and residents. 

Respond by letter stating the reason for vour 
interest in a career in blood banking and a com- 
plete curriculum vitae immediately to: 


Tibor J. Greenwalt, M.D. 
Directer, Hoxworth Blood Center 
Professor of Internal Medicine 
University of Cincinnati 

3231 Burnet Avenue 

Cincinnati, Ohio 45267 


ntroducing.... 
EPRACELL- MN 


fhe most advanced technology in mononuclear 
‘ell separation from whole blood. 


You demand performance and 
quality in the products used in im- 
munology today. Yet, density media 
products for lymphocyte separation 
provided few choices in perform- 
ance and quality — until now. 


Sepracell-MN is a colloidal silica 
based medium for the separation of 
mononuclear cells from whole blood 
by continuous density gradient 
centrifugation. 








PERFORMANCE 

8096 lymphocyte | 75% lymphocyte 
recovery purity 

98% viability 20% monocytes 

QUALITY 


Sepracell-MN is sterile and non-toxic 
for functional studies. Results are 
included with each lot for lymphocyte 
recovery, purity, T and B cell ratios, 


Sepracell-MN mixed Banding pattern 


and mitogen response. with whole blood after centrifugation 
: (2000xG 10 min.) 
CONVENIENT 
Available in prepackaged racks of Easy to use 
50 sterile centrifuge tubes for whole No layering or dilution of blood. Just add 
blood separation. whole blood (up to 6 mis.) to the prepackaged 
tube, mix and spin for 10 minutes. 
ECONOMICAL 
Prepackaged sterile tubes eliminate CALL TOLL FREE . 
waste of separation media and use aie Beds (V0 prepackaged tubes 
of expensive sterile centrifuge tubes. 1-800-222-0956 for Technical Assistance 
Quick separations and consistently Compare performance à 


greater lymphocyte recoveries re- 
duces the time, blood, and supplies 


required for lymphocyte separations. ews senes we ee OR 


cORP OR ATi! 
Oklahoma City, Oklahoma, USA 73127 à 








PS 


The new COAG-A-MATE XC delivers the | and rapid priming/depriming, COAG-A-MATE 
versatile, reliable performance essential for XC is economical to operate and attractively 
today’s coagulation testing needs. priced for today's mid-sized laboratory. 


Performance that's practical — Does allkey — e Performance you can depend on — Two 
coagulation tests: PT, APTT, TT (thrombin separate self-checking diagnostic programs 
time), fibrinogen and factor assays. Auto- help ensure reliable performance and trouble- 
mated performance for rapid throughput. free operations. 


Performance you can applaud — Advanced 
programming allows all testing parameters to 


be temporarily or permanently modified by COAG-A-MATE XC 


operator, with results expressed in 96, ratio, The Versatile Performer 
seconds or mg/dl. Holds up to 15 standard 


curves in permanent memory. 
Performance you can afford — Equipped 


800 Capitola Drive 
Durham, NC 27713 
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GRUNE & STRATTON 


Harcourt Brace Jovanovich, Inc. 


Consider: 
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to 5% blasts, variously of 
lymphoid, myeloid, or 

» monocytic origin; all were 
_ detected. 


Allen JK and Batjer JD: 1985. 
Arch Pathol Lab Med 109.534. 


G approximately 85% of 
-the samples on which 
differentials were requested 
for an inpatient population 
could be processed by the 
electronic counter. Although 
the electronic counter failed 
to flag all abnormal samples 
-...the performance of 

technologists doing 200 cell 
differentials was similar. 

i ‘Nelson L; Charache S, 


Keyser E and Metzger P: 1985. — — 
Am.J Clin Path 83.547. — 












In the evaluation of a normal 

subject, adequate information 

is provided to the clinician 

with confidence that an 

unexpected abnormality would 

be detected. In this study, 

all cases with significant 

abnormalities were detected 

by the S-PLus IV system. yy 
Cox CJ, Habermann TM, Payne BA, 


Klee GG and Pierre RV: 1985. 
Am J Clin Path 84.297. 


When all parameters of 

the hematology panel were 
evaluated, the false negative 
rate was less than 1%. 
Sixteen percent of results 
from the S-PLus IV were 
flagged, and 79% of these 


indicated an abnormality. 7 
Griswold DJ and 


Champagne VD: 1985. 
Am J Clin Path 84.49. 













pert confirm the. 


hi as eosinophilia and 
reported that detecting the 
presence of blasts, NRBCs, atypical lymphocytes, 
increased bands ("left shift") and other abnormal 
cells was accomplished with even more sensitivity 
than was possible with manual differentials. 
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Todays IGIV 


Dont settle for less. 





| For immunodefi- | 
| ciency syndromes: 
| aggressive protec- 
| tion against 
infection 

Patients without 


| sufficient levels 
| of antibodies face 
| 
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| 
| 
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| overwhelming A : 

| infection, and they need 7 UO 

| help. Infusion with 

| GAMIMUNE"N gives IGIV thats at 
these patients the edge least 9876 pure 

| that may make the 


gamma globulin 


Cutter's fractionation 
| method (Cohn-Oncley — | 
6 & 9) contains all the 
necessary steps to 
produce high purity 
immune globulin. 
GAMIMUNE'N 
contains no foreign 
contaminants, no 
detectable levels of 
protein aggregates or 
vasoactive enzymes.’ 
With GAMIMUNE'N 
you get what you expect | 
...IGIV containing at | 
least 98% pure gamma 
globulin.' 


difference: antibodies 
against major bacterial, 
viral and fungal 
pathogens. ..1in just 
minutes. 


For both chronic 
and acute ITP 
in children and 
adults: rapid 
elevation of 
platelet levels 


GAMIMUNE'N 
may initiate a therapeutic 
increase in platelets : 
in both children and 
adults with idiopathic 
thrombocytopenic 
purpura (ITP).'* sia 
Treatment with adl 
GAMIMUNE" N has. 
enabled some ITP 
patients to undergo 
| major surgery.' 




















Gamivune N 
Immune Globulin 

Intravenous (Human) 596 
(in 10% Maltose), pH 4.25 








* Documented in 
vitro inactivation 


of HTLV-II virus 


"The Cohn-Oncley process 
used to produce GAMIMUNE*N 
has been challenged im vitro with 
a virus spike of 1 x 10° of HTLV- 
III and found to remove and/or 
inactivate the viral challenge. In 
addition, GAMIMUNE*N 
undergoes an incubation step as a 
final container which has been 
shown to effect an additional 1 x 
105 to 1 x 10! reduction of HTLV- 
III.? In a separate study of 
intravenous immune globulins 













"Native" IGIV 
GAMIMUNE"'N is 

manufactured without 

chemical modification. 


This means P by the Food ana Drug 
® ministration, an n vitro 

GAMIMUNE N challenge at each of the six Cohn- 

antibodies maintain Oncley fractionation steps using 


HTLV-II demonstrated a 
cumulative reduction of greater 
than 1 x 109? infectious units.* 


normal opsonization 
capacity, have a normal 
distribution of IgG 
subgroups and provide 
the immunologic activity 
of normal plasma.’ 











*It is not possible to predict which 
patients with [TP will respond to 
therapy. 

‘In patients who respond to therapy, a 
rise in platelet count is generally rapid 
(within 1 to 5 days), transient (most 
often lasting from several days to 
several weeks) and should not be 
considered curative. 






























Artist S interpretation of HTLA-H1 virus 





tists interpretation of hood platelets 


‘Todays simple. 
economical IGIV: 
the only ready- 
to-use liquid 

Dose for dose, 
GAMIMUNE' N saves 
money by eliminating 
valuable reconstitution 
time in the pharmacy. 
Gram for gram of 
protein, GAMIMUNE'N 
is affordable; there is no 
premium price for 
TODAY'S IGIV. 


From the original IGIV todays IGIV..it offers more 


Please see following page for brief summary of prescribing information. 


Gamimune N 


Immune Globulin 
Intravenous (Human) 596 
(in 10% Maltose), pH 4.25 


CLINICAL PHARMACOLOGY 

Gamimune® N supplies a broad spectrum of opsonic and neutralizing IgG antibodies for 
the prevention or attenuation of a wide variety of infectious diseases. As Gamimune® N is 
administered intravenously, essentially 100% of the infused IgG antibodies are immedi- 
ately available in the recipient's circulation. A relatively rapid fall in serum IgG tevel in the 
first week post-infusion is to be expected; this decrease averages 50% of the peak level 
achieved immediately post-infusion and is mainly due to the equilibration of IgG between 
the plasma and the extravascular space. The in vivo half-life of Gamimune® N equals or 
exceeds the three week half-life reported for IgG in the literature, but individual patient 
variation in half-life has been observed. Thus, this variable as well as the amount of 
immune globulin administered per dose is important in determining the frequency of 
administration of the drug for each individual patíent. 

The intravenous administration of solutions of maltose has been studied by several 
investigators. Healthy subjects tolerated the infusions well, and no adverse effects were 
observed at a rate of 0.25 g maltose/kg body weight per hour. In safety studies conducted 
by Cutter Biological, infusions of 10% maltose administered at 0.27-0.62 g maltose/kg 
per hour to normal subjects produced either mild side effects (e.g., headache) or no 
adverse reaction. Following intravenous administrations of maltose, maltose was 
detected in the peripheral blood; there was a dose-dependent excretion of maltose and 
glucose in the urine and a mild diuretic effect. These alterations were well tolerated with- 
out significant adverse effects. The highest recommended infusion rate, 0.08 mL/kg 
body weight per minute (see DOSAGE AND ADMINISTRATION), is equivalent to 0.48 g 
maitose/kg body weight per hour. 

The buffer capacity of Immune Globulin Intravenous (Human) 596 (in 1096 Maltose), pH 
4.25—Gamimune® N is 16.5 mEq/L (~ 0.3 mEq/g protein); a dose of 150-400 mg/kg (3-8 
mL/kg) body weight therefore represents an acid load of 0.0495-0.1320 mEq/kg body 
weight. The total buffering capacity of whole blood in a normal! individual is 45-50 mEq/L 
of blood, or 3.6 mEq/kg body weight. Thus, the acid load delivered in the largest dose of 
Gamimune® N would be neutralized by the buffering capacity of whole blood alone, even if 
the dose were infused instantaneously. (An infusion usually lasts several hours.) 

In Phase | human studies, no change in arterial blood pH measurements was detected 
following the intravenous administration of Gamimune® N at a dose of 150 mg/kg body 
weight; following a dose of 400 mg/kg body weight in 37 patients, there were no clinically 
important differences in mean venous pH or bicarbonate measurements in patients who 
received Gamimune® N compared with those who received a chemically modified intra- 
venous immunoglobulin preparation with a pH of 6.8. 

In patients with limited or compromised acid-base compensatory mechanisms, consid- 
eration should be given to the effect of the additional acid load Gamimune* N might 
present. 

INDICATIONS AND USAGE 

immunodeficiency Syndromes: Gamimune* N is indicated for the maintenance treat- 
ment of patients who are unable to produce sufficient amounts of IgG antibodies. Usage 
of Gamirnune? N may be preferred to that of intramuscular immunoglobulin preparations, 
especially in patients who require an immediate increase in intravascular immunoglobulin 
levels, in patients with a small muscle mass, and in patients with bleeding tendencies in 
whom intramuscular injections are contraindicated. It may be used in disease states such 
às congenital agammaglobulinemia (e.g., X-linked agammaglobulinemia), common varia- 
ble hypogammaglobulinemia, X-linked immunodeficiency with hyper IgM and in severe 
combined immunodeficiency. 

Idiopathic Thrombocytopenic Purpura (ITP): Investigations in both children and adults 
have shown that Gamimune® N may initiate a therapeutic increase in the platelet count. In 
clinical studies of Gamimune® N, five of six (83.396) children and 10 of 16 (62.596) adults 
with acute or chronic ITP demonstrated clinically significant increments in the platelet 
count during or following an initial treatment course with Gamimune® N at a dose of 400 
mg/kg body weight daily for five days. The duration of the platelet rise following treatment 
of {TP with Gamimune? N was variable, ranging from several days up to 12 months or 
more. Several ITP patients demonstrated continuing responsiveness over many months 
to intermittent Gamimune® N 400 mg/kg body weight single dose maintenance courses. 
Two of three children with acute ITP treated with Gamimune® N rapidly went into complete 
remission. However, childhood ITP may respond spontaneously without treatment. Four 
patients with refractory ITP were able to undergo major surgical procedures as a result of 
the rapid rise in platelet count associated with Gamimune® N treatment. 

In addition, one patient with severe thrombocytopenia due to post-transfusion purpura 
(PL^! alloimmune antibody with platelet anti PL^! specificity) also responded to treatment 
with Gamimune? N, at a dose of 400 mg/kg body weight daily for 5 days; there was a rapid 
rise in the platelet count commencing on the third day of treatment. 

It is presently not possible to predict which patients with ITP will respond to therapy. 
although the increase in platelet counts in children seems to be better than that of adults. 
in clinical situations in which a rapid rise in platelet count is needed to control bleeding or 
to allow a patient with ITP to undergo surgery, administration of immune Globulin intra- 
venous (Human) 596 (in 10% Maltose), pH 4.25—Gamimune? N should be considered; in 
patients in whom a response is achieved, the rise of platelets is generally rapid (within 1-5 
days), transient (most often lasting from several days to several weeks) and should not be 
considered curative. In some patients who relapse, a maintenance dose of Gamimune® N 
administered every several weeks may be of benefit once the platelet count decreases to 
clinically hazardous levels (see DOSAGE AND ADMINISTRATION). 

TRAINDICATIONS 
Gamimune® N is contraindicated in individuals who are known to have had an anaphylactic 
or severe systemic response to Immune Globulin (Human). Individuals with selective IgA 
deficiencies who have known antibody against IgA (anti-lgA antibody) should not receive 
Gamimune® N since these patients may experience severe reactions to the IgA which may 
he present. 


WARNINGS 
Gamimune® N should be administered only intrevenously as the intramuscular and subcu- 
taneous routes heve not been evaluated. 

Gamimune? N may, on rare occasions, cause a precipitous fall in blood pressure and a 
clinical picture of anaphylaxis, even when the patient is not known to be sensitive to 
immune globulin preparations. These reactions may be related to the rate of infusion. 
Accordingly, the infusion rate given under DOSAGE AND ADMINISTRATION should be 
closely followed, at least until the physician has had sufficient experience with a given 
patient. The patient's vital signs should be monitored continuously and careful observa- 
tion made for any symptoms throughout the entire infusion. Epinephrine should be avail- 
able for the treatment of an acute anaphylactic reaction. 

PRECAUTIONS 

General: Any vial that has been entered should be used promptly. Partially used vials 
should be discarded. Do not use if turbid. Soiution which has been frozen should not 
be used. 

Drug Interactions: If dilution is required, Gamimune® N may be diluted with 5% dextrose 
in water (D5/W). No other drug interactions or compatibilities have been evaluated. It is 
recommended that infusion of Gamimune? N be given by a separate line, by itself, without 
mixing with other intravenous fluids or medications the patient might be receiving. 
Pregnancy Category C: Animal reproduction studies have not been conducted with 
Gamimune® N. It is not known whether Gamimune® N can cause fetal harm when admin- 
istered to a pregnant woman or can affect reproduction capacity. Gamimune® N should 
be given to a pregnant woman only if clearly needed. 

ADVERSE REACTIONS 

Ina study of 37 patients with immunodeficiency syndromes receiving Gamimune® N at a 
monthly dose of 400 mg/kg body weight, reactions were seen in 5.2% of the infusions of 
Gamimune® N. Symptoms reported with Gamimune® N included malaise, a feeling of 
faintness, fever, chills, headache, nausea, vomiting, chest tightness, dyspnea and chest, 
back or hip pain. in addition, mild erythema following infiltration of Immune Giobulin intra- 
venous (Human) 5% (in 10% Maltose), pH 4.25—Gamimune® N at the infusion site was 
reported in some cases. 

in further studies of Gamimune® N in the treatment of both adult and pediatric patients 
with ITP. systemic reactions were noted in only 4 of 154 (2.696) infusions, and all but one 
occurred at rates of infusion greater than 0.04 mL/kg body weight per minute. The symp- 
toms reported included chest tightness, a sense of tachycardia (pulse was 84 beats per 
minute), and a burning sensation in the head; these symptoms were all mild and transient. 
Erythema, pain, phlebitis, or eczematous reactions at the infusion site were also reported 
following infusion of Gamimune® N to adult ITP patients. These reactions occurred in 
11.696 of the infusions of Gamimune* N and in 43.8% of the adult ITP population. No 
pediatric patients experienced localized reactions at the infusion site. 

In the studies undertaken to date, other types of reactions have not been reported with 
Gamimune? N. It may be, however, that adverse effects will be similar to those previously 
reported with intravenous and intramuscular immunoglobulin administration. Potential 
reactions, therefore, may also include anxiety. flushing, wheezing, abdominal cramps, 
myalgias, arthralgia, and dizziness; rash has been reported only rarely. Reactions to intra- 
venous immunog-obulin tend to be related to the rate of infusion. 

True anaphylactic reactions to Gamimune® N may occur in recipients with documented 
prior histories of severe allergic reactions to intramuscular immunoglobulin, but some 
patients may tolerate cautiously administered intravenous immunoglobulin without 
adverse effects. very rarely an anaphylactoid reaction may occur in patients with no prior 
history of severe allergic reactions to either intramuscular or intravenous 
immunoglobulin. 

DOSAGE AND ADMINISTRATION 

immunodeficiency Syndromes: The usual dosage of Gamimune® N for prophylaxis in 
immunodeficiency syndromes is 100—200 mg/kg (2—4 mL/kg) of body weight adminis- 
tered approximately once a month by intravenous infusion. If the clinical response is 
inadequate, or the level of IgG achieved in the circulation is felt to be insufficient, the 
dosage may be given more frequently or increased as high as 400 mg/kg (B mL/kg) 
body weight. 

idiopathic Thrombocytopenic Purpura: An increase in platelet count has been observed 
in children and some adults with acute or chronic ITP receiving Gamimune® N, 400 mg/kg 
body weight daily for five days. A response usually occurs within several days and is main- 
tained for a variabie period of time. In general a response is seen less often in adults than 
in children. In patients who have shown a response, a maintenance dose of Gamimune* N 
of 400 mg/kg body weight administered as a single dose every several weeks may be of 
benefit once the platelet count decreases to clinically hazardous levels. 

Investigations indicate that Gamimune® N is well-tolerated and less likely to produce 
side effects when infused at the indicated rate. It is recommended that Gamimune® N be 
infused by itself at a rate of 0.01 to 0.02 mL/kg body weight per minute for 30 minutes, if 
well tolerated, the rate may be gradually increased to a maximum of 0.08 mL/kg body 
weight per minute. If side effects occur, the rate may be reduced, or the infusion inter- 
rupted until symptoms subside. The infusion may then be resumed at the rate which is 
comfortable for the patient. 

Parenteral drug products should be inspected visually for particulate matter and discol- 
oration prior to administration, whenever sotution and container permit. 

US. License No. 8 





REFERENCES: 1. GAMIMUNE® N Product License Application. 2. Lundblad JL. Mitra G, 
Steinberg MM, e: al: Comparative studies of impurities in intravenous immunoglobulin 
preparations. Rev Infect Dis 1986;8(Jul-Aug): S382—8390. 3. Mitra G, Wong MF, Mozen 
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and partition of human T-cell lymphotrophic virus, type IIl, during ethanol fractionation of 
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New Resources in Hematology . . . 


from Springer- Verlag 


Gc IS NEC ka EM e E | 


Hematologic Malignancies 

Edited by B. Hoogstraten, MD, FACP, Cincinnati. OH 

With contributions by 

J.R. Durant, F. W. Gunz, E.S. Henderson, B. Hoogstraten, 
H.J. Hand, J. Laszlo, and C.S. Portlock 


The principle aim of this volume is to provide practical guidelines on the 
modern treatment of hematologic malignancies. The six important 
hematologic malignancies are covered, each presented by world renown 
specialists, Authors express their opinions on disease management and. 
where appropriate. indicate how the disease is treated in their 
institution. The material is presented in a practical and concise manner: 
no attempts are made to be all-inclusive and references are kept to a few 
representative articles for each topic. The result is a handy, easy-to-read 
guide that will be of great value to all practitioners of oncology and 
hematology. 

Abbreviated Contents: 

Treatment of the Chronic Leukemias. Acute Leukemia in Adults. The 
Myeloproliferative Disorders. Hodgkin's Disease. Non-Hodgkin's 
Lymphoma. Multiple Myeloma. Subject Index. 

1986/111 pp/10 illus/$23,50 (softcover ISBN 0-387-16293-3 





Leukocyte Typing II 
Edited by E.L. Reinherz, B.F. Haynes, L.M. Nadler, and 
LD. Bernstein 


Published in three volumes this work summarizes the results of the 
Second International Workshop on Human Leukocyte Differentiation 
Antigens, These volumes cover the technical details of the survey of 
monoclonal antibodies directed at T lymphocytes, B lymphocytes. and 
myeloid and other hematopoietic precursor cells. Technologies involving 
fluorescence activated cell sorting techniques. biochemistry of cell 
surface glycoproteins and glycolipids. as well as functional studies with 
peripheral blood leukocytes and T cell clones are described. 


Volume 1: Human T Lymphocytes 
1985/549 pp/123 illus/171 tables/$72.00/ISBN 0-387-96175-5 


Volume 2: Human B Lymphocytes 
1985/560 pp/134 illus/U71 tables/$75.00/1SBN 0-387-96176-3 


Volume 3: Human Myeloid and Hematopoietic 


Cells 
1986/366 pp/86 illus/121 tables/$55.00/ISBN 0-387-96177- 


To order, visit your local medical bookstore or write: 
Springer- Verlag New York, Inc. 

Aun: L. Stein 

175 Fifth Avenue 

New York, NY 10010 


(Personal checks, Am Ex, MC, Visa accepted. Add $1.50 for postage 
and handling. Prices subject to change without notice.) 





A. Springer-Verlag 


5, New York Berlin Heidelberg London Paris Tokyo 





Advances in Forensic Haemogenetics 1 


lth Congress of the Society for Forensic Haemogenetics 


Edited by B. Brinkmann and K. Henningsen 


The topics covered include formal genetics, population genetics. and the 
biochemistry and serology of nearly all hereditary hlood group 
polymorphisms. Reviews of subjects such as the HL.A system. enzyme 
polymorphism. protein polymorphism and DNA polymorphism are also 
included. A major portion of the volume is devoted to forensic stain 
information with descriptions of numerous new methods and various 
artifacts. Polymorphisms in body fluids other than blood, quality control 
methods, and the use of biostatistics in forensic hemogeneties all are 
investigated. 

1986/approx 510 pp/126 figures/S51.50/ 

ISBN 0-387-16500-2 


Human Hemoglobin Genetics 
G.R. Honig and J.G. Adams IH 


Provides a comprehensive study of the biology and genetics of the 
human hemoglobin system. The unique chemical and genetic features of 
the human hemoglobins are reviewed in detail, and globin genetics are 
further considered as a model for the understanding of human molecular 
genetics. Includes a review of the structural and functional properties of 
the human hemoglobin. followed by a consideration of the structure and 
organization of the globin genes. The current concepts of the expression 
and regulation of the globin gene system. and the mechanisms and 
variety of globin gene mutations are considered in detail, along with the 
various forms of expression of these mutations, 


1985/452 pp/ 123 figures/$76.50/1S BN 0-387-81872-3 


Modern Trends in Human Leukemia VI 
New Results in Clinical and Biological Research Including Pediatric 
Oncology 


Edited by R. Neth, R.C. Gallo, M.F. Greaves, and G. Janka 


Contains a report of the 6th Wilsede Meeting on Modern Trends in 
Human Leukemia held in June. 1984. The reports are divided into 
clinical. immunological. cell-biological, and virological sessions. This 
volume will be of value to both clinicians and researchers in human 
leukemia and oncology. 


1985/517 pp/177 illus/$72.00/1$ BN 0-387-15329-2 


Immunoassays in Coagulation Testing 


Z. Parvez 


Not only does this volume bring vou practical information on the most 
recent immunochemical techniques and assay procedures. but it also 
clarifies the concepts of clinical immunology and coagulation 
pathophysiology that lie behind the procedures. 

1984/1072 pp/50 illus/S41, 30/1SBN 0-387-90032-X 











New! The latest edition of an authoritative 


reference book... 


RED CELL 
METABOLISM 


AMANUAL OF BIOCHEMICAL METHODS 
Third Edition 
ERNEST BEUTLER, M.D. 


This third edition of Red Cell Metabolism: A 
Manual of Biochemical Methods presents a 
detailed discussion of the methods required 
for the measurement of red cell enzymes and 
metabolic intermediates. The techniques de- 
scribed—which have evolved after years of 
performing these assays in a laboratory envi- 
ronment—are essential both to the clinical 
diagnosis of certain types of anemia and to 
basic research on red blood cells. Topics cov- 
ered include the fundamentals of handling 
blood samples, methods of reagent prepara- 
tion, instrumentation, and calculation of re- 
sults. New methods, improved procedures, 


and the increasing importance of certain red 
cell constituents such as GSH-S-transferase, 
superoxide dismutase, Nat+-K+-ATPase, 
phosphoglycolate phosphatase, and creatine 
are among the factors that have brought about 
the need for this updated edition of the text. 


Written for hematologists, clinical patholo- 
gists, biochemists, and cellular biologists, the 
third edition of Red Cell Metabolism repre- 
sents the most authoritative and current infor- 
mation in the field of red cell enzymology, 
and is internationally recognized as the clas- 
sic text on the subject. 








Introduction: Purpose and Organization 
of the Manual. Red Cell Metabolism. Basic 
Techniques and Equipment: The Prepa- 
ration of Red Cells for Assay. Reagents. 
Instrumentation. Calculation of Results. 
Red Cell Glycolytic Enzymes: Hexokin- 
ase (Hx). Glucose Phosphate Isomerase 
(GPI). Phosphofructokinase (PFK). Aldo- 
lase. Triose Phosphate Isomerase (TPI). 
Glyceraldehyde Phosphate Dehydrogenase 
(GAPD). Phosphoglycerate Kinase (PGK). 
Diphosphoglycerate Mutase (DPGM). 
Monophosphoglyceromutase (MPGM). 
Enolase. Pyruvate Kinase (PK). Lactate 
Dehydrogenase (LDH). Red Cell Hexose 
Monophosphate Shunt and Other En- 
zymes: Glucose-6-Phosphate Dehydrogen- 
ase (G-6-PD) and 6-Phosphogluconate 
Dehydrogenase (6-PGD). Glutathione Re- 
ductase (GR). Glutathione Peroxidase 
(GSH-Px). Glutathione S-Transferase. 
NADPH Diaphorase. NADH Methemo- 
globin Reductase (NADH-Ferricyanide 
Reductase). Superoxide Dismutase. Phos- 
phoglucomutase (PGM). Glutamate-Oxa- 
loacetate Transaminase (GOT). Phospho- 
glycolate Phosphatase. Adenylate Kinase 
(AK). Nat-K+ATPase and Mgt * ATP- 
ase, Adenosine Demmainase (AD). Pyri- 





= e —( 


midine 5’ Nucleotidase, Acetylcholinester- 
ase. Catalase. Galactose-1-Phosphate Uri- 
dyl Transferase. Galactokinase (GK). 
UDP Glucose-4-Epimerase (Epimerase). 
Intermediate Compounds: ATP. AMP and 
ADP. 2,3-Diphosphoglycerate (2,3-DPG). | 
Reduced Glutathione (GSH). Oxidized 
Glutathione (GSSG). Creatine. Glucose. 
Pyruvate. Lactate. Glucose-6-P and Fruc- 
tose-6-P. Glyceraldehyde-3-P (GAP), Di- 
hydroxyacetone-P (DHAP), and Fructose- 
DiP (FDP). 3-Phosphoglyceric Acid (3- | 
GPA). 2-Phosphoglyceric Acid (2-PGA) 
and Phosphoenolpyruvate. Sereening Tech- 
niques: General Principles. Glucose Phos- 
phate Isomerase Screening Test. Triose 
Phosphate Isomerase Screening Test. Py- 
ruvate Kinase Screening Test. Glucose- 
6-Phosphate Dehydrogenase Screening 
Test. Glutathione Reductase Screening 
Test. NADH Methemoglobin Reductase 
(NADH Diaphorase). Pyrimidine 5’ Nu- 
cleotidase Screening Test. Appendix 1: 
Activities of Red Cell Enzymes in Normal 
Adults. Appendix 2: Effect of Tempera- 
ture on Red Cell Enzyme Assays. Appen- 
dix 3: Levels of Intermediates in Red Cells 
of Normal Adults. Appendix 4: Frequently 
Used Molecular Weights. 











1984, 208 pp., $26.50/ISBN: 0-8089-1672-6, Order Code: 790582 


Send payment with order and save postage and handling. 
Prices are in U.S. dollars and are subject to change without notice. 


GRUNE & STRATTON, INC. 


(Harcourt Brace Jovanovich, Pubiishers) 
Orlando « San Diego * New York « London « Toronto « Montreal + Sydney * Tokyo 
ORLANDO, FLORIDA 32837 


FOR FASTEST SERVICE CALL TOLL-FREE 1-800-321-5068. To place an order from Florida, Hawaii 
or Alaska, call 1-305-345-4100. In the U.K. call (01) 300-0155. 
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Hadiogenic 
mucositis or 
herpes 
simplex?....... 


7 . * 

larly intervention can prevent or reduce 

ISV complications 

i high percentage of immunocompromised patients are at risk for 
eveloping HSV infections. Timely therapy with an antiviral agent 
an avoid the incidence of secondary complications, such as visceral 
issemination, and prolonged hospital stay. 


\ppearances may be deceiving 


toth slides are herpes simplex. In immunocompromised patients, 
1ucositis and stomatitis that appear to result from radiation 
herapy or immunosuppression may actually be caused by herpes 


implex. Differential diagnosis can be problematic, but appropriate 


iboratory tests can aid in the determination. 


‘here is an effective therapeutic agent available 
(OVIRAX I.V. stops viral replication, speeds healing, and reduces 
ain. It is effective antiviral therapy for treatment of herpes 
implex viral infections. 


ZOVIRAX IN. 


acyclovir sodium) 
STERILE POWDER /IV INFUSION 


Vhen the problem begins with a virus, 
nd it with an antiviral. 


lease see following page for full prescribing information 


The diagnostic 
challenge in 
immunocompromised 
patients... 


ZOVIRAX IN. 


acyclovir sodium 


STERILE POWDER/IV INFUSION 


ZOVIRAX® 1.V. INFUSION (acyclovir sodium) sterile powder 
FOR INTRAVENOUS INFUSION ONLY 


INDICATIONS AND USAGE: Zovirax Sterile Powder is indicated for the treatment cf initial and recurent 
mucosal and cutaneous Herpes simplex (HSV-1 and HSV-2) infections in immunocompromised adults 
and children. It is also indicated for severe initial clinical episodes of herpes genitalis in patients who 
are not immunocompromised. 

These indications are based on the results of several double-blind, placebo-controlled studies 
which evaluated the drug's effect on virus excretion, complete healing of lesions, and relief of pain 


Herpes Simplex Infections in Immunocompromised Patients 

A multicenter trial of Zovirax Sterile Powder at a dose of 250 mg/M? every 8 hours (750 mg/Mérday) 
for 7 days was conducted in 97 immunocompromised patients with oro-facial, esophageal, genital 
and other localized infections (50 treated with Zovirax and 47 with placebo). Zovirax significantly 
decreased virus excretion, reduced pain, and promoted scabbing and rapid healing of lesions. ? 


Initial Episodes of Herpes Genitalis 

A controlled trial was conducted in 28 patients with severe initial episodes of herpes genitalis with 
a Zovirax dosage of 5 mg/kg every 8 hours for 5 days (12 patients treated with Zovirax and JE with 
placebo). Significant treatment effects were seen in elimination of virus from lesions and in reduction 
of healing times 4 

In a similar study, 15 patients with initial episodes of genital herpes were treated with Zavirax 
5 mg/kg every 8 hours for 5 days and 15 with placebo, Zovirax decreased the duration of vira! excretion, 
new lesion formation, duration of vesicles and promoted more rapid healing of alf lesions. 
Diagnosis 

The use of appropriate laboratory diagnostic procedures will heip to establish the etologic 
diagnosis. Positive cultures for Herpes simplex virus offer a reliable means for confirmation of the 
diagnosis. In initial episodes of genital herpes, appropriate examinations should he performed to rule 
out other sexually transmitted diseases. Whereas cutaneous lesions associated with Herpes simplex 
infections are often characteristic, the finding of multinucleated giant cells in smears prepared from 
lesion exudate or scrapings may assist in the diagnosis. 


CONTRAINDICATIONS: Zovirax Sterile Powder is contraindicated for patients who develop hypersensi- 
tivity to the drug. 


WARNINGS: Zovirax Sterile Powder is intended for intravenous infusion only, and should not be 
administered topically, intramuscularly, orally, subcutaneously or in the eye. Intravenous infusions 
must be given over a period of at least 1 (one) hour to prevent renal tubular damage (see PRECAUTIONS 
and DOSAGE AND ADMINISTRATION). 


PRECAUTIONS: 
General: The recommended dosage, frequency and length of treatment should not be exceeded (See 
DOSAGE AND ADMINISTRATION) 

Although the aqueous solubility of acyclovir sodium (for infusion) is >> 100 mg/ml, precipitation of 
acyclovir crystals in renal tubules can occur if the maximum solubility of free acyclovir (2.5 mgiml at 
37°C in water) is exceeded or if the drug is administered by bolus injection. This complication causes a 
rise in serum creatinine and blood urea nitrogen (BUN), and a decrease in renal creatinine ciearance. 
Ensuing renal tubular damage can produce acute renal failure. 

Abnormal renal function (decreased creatinine clearance) can occur as a result of acyclovir 
administration and depends on the state of the patient's hydration, other treatments, and tre rate of 
drug administration. Bolus administration of the drug leads to a 10% incidence of rena! dysfunction, 
while in controlled studies, infusion of 5 mg/kg (250 mg/M?) over an hour was associated with a lower 
frequency — 4.6%. Concomitant use of other nephrotoxic drugs, pre-existing renal disease. and 
dehydration make further renal impairment with acyclovir more likely. in most instances, alterations of 
renal function were transient and resolved spontaneously or with improvement of water and electrolyte 
balance, drug dosage adjustment or discontinuation of drug administration. However in some 
instances, these changes may progress to acute renal failure. 

Administration of Zovirax by intravenous infusion must be accompanied by adequate hydration 
Since maximum urine concentration occurs within the first 2 hours following infusion. particular 
attention should be given to establishing sufficient urine flow during that period in order to prevent 
precipitation in renal tubules. 

When dosage adjustments are required they should be based on estimated creatinine clearance 
(See DOSAGE AND ADMINISTRATION). 

Approximately 1% of patients receiving intravenous acyclovir have manifested encephalopathic 
changes characterized by either lethargy, obtundation, tremors, confusion, hallucinations, agitation, 
seizures or coma. Zovirax should be used with caution in those patients who have underlying 
neurologic abnormalities and those with serious renal, hepatic, or electrolyte abnosmalities or 
significant hypoxia. It should also be used with caution in patients who have mancested pnor 
neurologic reactions to cytotoxic drugs or those receiving concomitant intrathecal methotrexate or 
interferon 

Exposure of HSV isolates to acyclovir in vitro can lead to the emergence of less sensitive viruses 
These viruses usually are deficient in thymidine kinase (required for acyclovir activation) and are less 
pathogenic in animals. Similar isolates have been observed in 6 severely immunocompromised 
patients during the course of controlled and uncontrolled studies of intravenously administered 
Zovirax, These occurred in patients with congenital severe combined immunodeficiencies or following 
bone martow transplantation. The presence of these viruses was not associated with a worsening of 
clinical iliness and, in some instances, the virus disappeared spontaneously. The possibility of the 
appearance of less sensitive viruses must be borne in mind when treating such satients. The 
relationship between the in vitro sensitivity of herpesviruses to acyclovir and clinica! response to 
therapy has yet to be established 


Drug Interactions: Co-administration of probenecid with acyclovir has been shown te increase the 
mean half-life and the area under the concentration-time curve. Urinary excretion and renal clearance 
were correspondingly reduced. Clinical experience has identified no other significant interactions 
resulting from administration of other drugs concomitantly with Zovirax Sterile Powder 


Carcinogenesis, Mutagenesis, impairment of Fertility: Acyclovir was tested in lifetime bioassays in 
rats and mice at single daily doses of 50, 150 and 450 mg/kg given by gavage. There was no 
statistically significant difference in the incidence of tumors between treated and control animais, nor 
did acyclovir appear to shorten the latency of tumors. In 2 in vitro cell transformation essays, used to 
provide preliminary assessment of potential oncogenicity in advance of these more de'initive ‘ifetime 
bioassays in rodents, conflicting results were obtained. Acyclovir was positive at the highest dose used 


in one system and the resulting morphologically transformed cells formed tumors when inoculated inti 
immunosuppressed syngeneic, weanling mice. Acyclovir was negative in another transformatior 
system. 

No chromosome damage was observed at maximum tolerated parenteral doses of 10€ mg/kg 
acyclovir in rats or Chinese hamsters; higher doses of 500 and 1000 mg/kg were clastogenic ir 
Chinese hamsters. in addition, no activity was found ir a dominant lethal study in mice. In 9 of 1! 
microbial and mammalian cell assays, no evidence of mutagenicity was observed. in 2 mammaliar 
cell assays (human lymphocytes and L5178Y mouse lymphoma cells jn vitro), positive responses fot 
mutagenicity and chromosomal damage occurred, but only at concentrations at least 25 times the 
acyclovir plasma levels achieved in man. 

Acyclovir does wot impair fertility or reproduction in mice at oral doses up to 450 mg/kg/day. ir 
female rabbits treated subcutaneously with acyclovir subsequent to mating. there was a statistically 
significant decrease in implantation efficiency but no concomitant decrease in litter size at a dose o! 
50 mg/kg/day. 

Pregnancy: Teratogenic Effects. Pregnancy Category C. Acyclovir was not teratogenic in the mouse 
(450 mg/kg/day, p.o.), rabbit (50 mg/kg/day, s.c.) or rat (50 mg/kg/day, s.c.). 

Although maximum tolerated doses were tested in teratology studies, the plasma levels obtainec 
did not exaggerate maximum plasma levels that might occur with clinical use of intravenous acyclovir 

There have been no adequate and well-controlied studies in pregnant women. Acyclovir should be 
used during pregnancy only if the potential benefit justifies the potential risk tc the fetus 


Nursing Mothers: it is not known whether this drug is excreted in human milk. Because many drug: 
are excreted in human milk, caution should be exercised when Zovirax (acyclovir sodium) sterile 
powder is admin stered to a nursing woman. 


ADVERSE REACT:ONS: The most frequent adverse reactions reported during controlled clinical trials o 
Zovirax in 64 patients were inflammation or phlebitis at the injection site following infiltration of the 
LV. fluid in 9 (14.096), transient elevations of serum creatinine in 3 (4.7%), and rash or hives in £ 
(4.7%). Less frequent adverse reactions were diaphoresis, hematuria, hypotension, headache anc 
nausea, each of which occurred in 1 patient (1.6%) Of the 63 patients receiving placebo, 3 (4.8%. 
experienced inflammation/phlebitis and 3 (4.8%) experienced rash or itching. Hematuria and nausez 
were experienced by placebo recipients at the same frequency. 

Among 51 immunocompromised patients, one, a bone marrow transplant recipient with pneumo- 
nitis, developec seizures, cerebral edema. coma and expired with changes consistent with cerebra 
anoxia on postmortem biopsy; another immunocompromised patient exhibited coarse tremor ant 
clonus 

Additional edverse reactions were reported in uncontrolled trials. The most frequent adverse 
reaction was eevated serum creatinine. This occurred in 9.8 percent of patients, usually following 
rapid (less thaa 16 minutes) intravenous infusion. Less frequent adverse experiences were thrombocy 
tosis and jitters, each in 0.4% of patients. 

Approximately 1% of patients receiving intravenous acyclovir have manifested encephalopathic 
changes charzcterized by either lethargy, obtundation, tremors, confusion. hallucinations, agitation 
seizures or coma (see PRECAUTIONS) 


OVERDOSAGE: Overdosage has been reported following administration of bolus injections, or inappro- 
priately high doses. and in patients whose fluid and electrolyte balance was not properly monitored 
This has resuited in elevations in BUN, serum creatinine and subsequent renal failure. 

Precipitation of acyclovir in renal tubules may occur when the solubility (2.5 mg/ml) in the 
intratubular fiuid is exceeded (see PRECAUTIONS). A six hour hemodialysis results in a 60% decrease 
ir plasma acyclovir concentration Data concerning peritoneal dialysis are incomplete but indicate 
that this method may be significantly less efficient in removing acyclovir from the blood. In the event o 
acute renal ‘ailure and anuria, the patient may benefit from hemodialysis until renal function i! 
restored (see DOSAGE AND ADMINISTRATION} 


DOSAGE ANC ADMINISTRATION: CAUTION — RAPID OR BOLUS INTRAVENOUS AND INTRAMUSCULAF 
OR SUBCUTANEOUS INJECTION MUST BE AVOIDED. 


Dosage: MUCOSAL AND CUTANEOUS HERPES SIMPLEX (HSV-1 and HSV-2; INFECTIONS IN IMMUNO 
COMPROMISED PATIENTS 5 mg/kg infusec at a constant rate over 1 hour, every & hour: 
{15 mg/kg/day) for 7 days in aduit patients with norma! renal function. in children under 12 years o 
age, more accurate dosing can be attained by infusing 250 mg/M? at a constant rate over | hour, ever 
8 hours (759 mg/M?/day) for 7 days 

SEVERE INITIAL CLINICAL EPISODES OF HERPES GENITALIS —- The same dose given above - 
administered for 5 days 


Therapy should he initiated as early as possible following onset of signs and symptoms. 


PATIENTS WITH ACUTE OR CHRONIC RENAL IMPAIRMENT. Refer to DOSAGE AND ADMINISTRATIO? 
section for recommended doses, and adjust the dosing interval as indicated in the table below. 








Creatinine Clearance Dose Dosing Interval 
{mi/min/1.73M?) (mg/kg) (hours) 
>50 5 8 
25-50 5 12 
10-25 5 24 
0-10 25 24 





Hemodialysis: For patients who require dialysis, the mean plasma half-life of acyclovir dunn 
hemodialisis is approximately 5 hours. This results in a 60% decrease in plasma concentration 
following a 6 hour dialysis period. Therefore, the patient's dosing schedule should be adjusted so that . 
dose is administered after each dialysis. 


Method cf Preparation: Each 10 ml vial contains acyclovir sodium equivalent to 500 mg of acyclovi 
The contents of the vial should be dissolved in 10 ml of sterile water for injection or bacteriostatic wate 
for injection containing benzy alcohol yielding a final concentration of 50 mg/ml of acyclovir (pi 
approximately 11). Shake the vial well to assure complete dissolution before measuring and transfer 
fing each individual dose. DO NOT USE BACTERIOSTATIC WATER FOR 'NIECTION CONTAINING PARA 
BENS. It is incompatible with Zovirax Sterile Powder and may cause precipitation. 


References: 1. C.D. Mitchell, e! a/, Lancet (8235). 1389-1392, Jun. 27. 1981. 2. Wade, ef al., Anr 
intern. Ned. 96(3)- 265-269, Mar. 1982. 3. 1.D. Meyers, et al., Am J. Med. 73(18); 229-235, Jul. 20. 198%: 
4. Data on file, Burroughs Wellcome Co. 5. A. Mindel, et a/.. Lancet 1(8274). 697-700, Mar. 27. 1982 
8. ZM. Naib, ef al, Cancer Res. 33:1452- 1463, 1973 
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T cell science 
just became an 
exclusive affair. 


Now, your exclusive distributor of the 
CELLFREE™ [nterleukin-2 Receptor Test 
Kit is Boehringer Mannheim Biochemicals. 
CELLFREE is the first serum immunoassay 
for the soluble T cell marker, Interleukin-2 
Receptor. The enzyme immunoassay format 
of the CELLFREE kit permits you to study 

T cell immune functions without a flow 
cytometer. CELLFREE is the product of T Cell 
Sciences, Inc., a recognized leader in the 
development of new monoclonal antibody 
reagents and test kits for studying the role 
of the T cell in immune response and 
immunologic disease. 


ACT-T-SET™ gives methodology 


choices. 

ACT-T-SET monoclonal antibodies, another 
break-through product from T Cell Sciences 
and BMB, are a panel of reagents used to 
study the T cell surface antigens associated 
with different stages of T cell activation. 
They are available unconjugated or labelled 
with FITC for flow cytometry or 
immunofluorescence application. 


© 1986 Boehringer Mannheim Biochemicals 


PO. Box 50816 Indianapolis. IN 46256 
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Computer visualization courtesy of Richard J. Feldmann, 
National Institutes of Health, Bethesda, MD 






An unbeatable combination. 

T Cell Sciences’ technology and Boehringer 
Mannheim Biochemicals’ unbeatable service 
are a combination of excellence without 
peer for your specific research needs in the 
rapidly developing Immunology field. 

You ll benefit from knowing you are using 
the purest preparations with exceptional 
specificity and reliable performance. Plus, all 
T Cell Sciences’ products have the complete 
support of BMB’s excellent Technical 
Services Department. For more information 
on T Cell Sciences products, or for a copy 
of our immunochemicals catalog, call or 
write us now. 


Now available from BMB: 


"]FIT CELL 
LM [SCIENCES 


CELLFREE " 
Interleukin-2 Receptor Test Kit CK1020 


ACT.T-SET" 
VLA-1 (Very Late Activation Antigen) 





Unconjugated AA1007 
FITC Conjugated AA2007 
iL-2R (Interleukin-2 Receptor) 
Unconjugated AA1009 
FITC Conjugated AA2009 


For research use only. 
Not for use in diagnostic procedures. 





MANNHEIM 
BIOCHEMICALS 


Tel: 317-849-9350 





800-428-5433 toll-free 


The more intelligent the system, tl 



















































































Optimal Coordination 


Today, enzyme immunoassays 
are expected to possess all of 
the following importent fea- 
tures; reliability, flexibility, accu- 
racy, speed, economy and 
ease of handling. 


Conventional equipment and 
techniques for automation of 
ELISA tests cannot meet these 
demands. 


Only a technologically ad- 
vanced system with an elec- 
tronically regulated operation 
sequence and optimally coor- 
dinated system components 
can offer the superior perform- 
ance required. 
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Behring ELISA Processor Il 


The Behring ELISA Processor I! 
is a key component in the sys- 
tem. It is the only equipment to 
use sophisticated electronics 
to automatically control those 
important and difficult functions 
of ELISA tests which are most 
prone to error: washing, pipet- 
ting, the measurement of optical 
densities and the calculation 
and printing of results in a 
single compact instrument. 


It is the only machine capable 
of processing two different 
tests in parallel - e.g. HBsAg 
and anti-HTLV Ill - because six 
reagent connections are avall- 
able. 


ing ELISA System in the 




















Enzygnost^ Tests 


The Behring Enzygnost® range 
provides advanced ELISA 
tests for the assay of antigens 
and antibodies. Enzygnost? 
tests are synonymous with 
high sensitivity coupled with 
maximum specificity. 


The ccated divisible microtitra- 
tion plate — the centrepiece of 
the Enzygnost® tests — is easy 
and economical to use. Cnly a 
few operating steps are requir- 
ed. Error-prone manual opera- 
tions (e. g. bead transfer) are 
not necessary. This not only 
means greater reliability but 
also saves time, especially 
with larger test runs. 
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Behring Software 








Comprehensive Software 


The Behring Enzygnost? range Ten programs are preinitiated ^ laboratory data handling 
is being expanded continuous- in the Behring ELISA Proces- — system is thus established. 


ly. At present it comprises sor Il. A further 20 programs This software package offers a 
more than 20 test systems can be entered individually, wealth of extended evaluation 
proven worldwide in research depending on the particular modes, quality control pro- 
and practice. Working with needs of each laboratory. All grams, statistics and is open 


Enzygnost® tests mustleadto functions of the instrument are for eventual additions. 
greater reliability and efficiency. — called up in any desired com- 

bination using an advanced 

"menu"-programming tech- 

nique. 


The Behring software package 
for external computer was de- 
veloped for use by laboratory 
staff with no special data 
processing skills and relates 
results to patient data. An opti- 
mal integration into the existing 
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MAKEYOUR 
NEXT LAB ASSISTANT 








ABAKER 





A Baker in your lab? Of course; a can- 
dlestick maker wouldn't work nearly as 
well. That's because for quick, accurate test 
results, nothing beats a Baker Instrument. 

Baker's System 8000" Hematology 
Analvzer gives vou features which unti 
now were only available in larger, more 
costly systems. It's simple to use, intelligent 
and efficient. 

How intelligent is the 8000? Its Series 
208 dilution system allows automatic 
hands-off sample preparation to minimize 
operator involvement. Once the dilution is 
complete, the operator need only press 
"Run" and the System 8000 does the rest. 

*In less than a minute this eight-parameter 
analyzer gives you CBC results you can be 
sure of -including platelet and WBC dis- 
tributions. 

This Baker is also efficient. It comes 
with a thorough, patented fluidics system 
which keeps its aperture clean—a serious 
problem for most analyzers. The System 














8000 also has exclusive self-diagnostic and 
error detection programs to identify and 
prevent problems before they occur 
Baker's System 8000 performs profi- 
ciently in oncologic, hematologic, pediatric 
or geriatric testing environments, Skilled 
personnel install your System 8000 and 
provide help when you need it. The 8000 
comes with a two-year warranty" that is 
unique in the indust 





; Baker Instruments 
also offers a complete line of reagents, cali- 
brators, controls and supplies. 

Call toll-free 1-800-345-5127 for more 
information on how to get Baker's System 
8000 in vour lab. Because no other system 
can hold a candle to a Baker 


When Lab Managers Want Results 
They Turn To A Baker 
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applies to continental United State hy 
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Yes, I'd like to find out how to put a Baker in 
my lab. I understand that by returning this 
coupon I'm eligible to receive a $1,000 credit 
towards Baker products and services on sy 
tems** purchased by March 31, 1987. Please 
send me more information today. 





Name 





Address 





Cir icti en » 


Sae ur eec et 


Zip s RU ELI 
a ea a INSTRUMENTS 





Baker Instruments Corporation, 
PO. Box 2168, Allentown, PA 18001 


** OHfer good on purchases of Enc Spirit and System 
8000. Limit one coupon per system purchased. 








The first trochetreatment 
for oropharyngeal 
candidiasis. 


Before treatment ' 


High clinical cure* rates. 


A clinical cure rate of 9696 was achieved in 
one randomized double-blind trial? in which 
MYCELEX Troche was administered to 
patients with oropharyngeal candidiasis. 
Other investigators have concluded that 
MYCELEX Troche "is highly effective 


treatment for chronic oral candidiasis. '? 


Dramatic improvement 

in symptoms. 

Patients attain a high degree of relief at the 
end of therapy, as evidenced by the dramatic 
decrease in severity of glossitis, patches, 
perleche, pain, and other clinical signs and 
symptoms of thrush.* 





“Clinical cure 


Good patient acceptance, 
minimal side effects. 
With MYCELEX Troche, messy npe ns 


and lengthy swishing are things of the past 
MYCELEX Troche has a pleasant, slightly 
sweet taste. And an entire day's therapy 

5 troches—can easily be carried in pocket 
or purse. 

Based on a study of 52 episodes of 
oropharyngeal candidiasis, the investigators 
stated: "We believe that the troche form ot 
clotrimazole...in the treatment of thrush in 
any patient population...is both effective 
and safe. "4 


s defined as absence of signs and symptor 


of the disease 


"See adjacent page for summary of prescribing information, 


including contraindications and adverse reactions 


The only troche 
for oropharyngeal 
candidiasis. 





MYCELEX«* (clotrimazole) TROCHE 


Indications and Usage: Mycelex Troches are indicated 
for the local treatment of oropharyngeal candidiasis. 
The diagnosis should be confirmed by a KOH smear 
and/or culture prior to treatment. 

Contraindications: Mycelex Troches are contra- 
indicated in patients who are hypersensitive to any of 
the components. 

Warning: Myceiex Troches are not indicated for the 
treatment of systemic mycoses. 

Precautions: Abnormal liver function tests have been 
reported in patients treated with clotrimazole troches; 
elevated SGOT levels were reported in about 1596 of 
patients in the clinical trials. In most cases the eleva- 
tions were minimal and it was often impossible to 
distinguish effects of clotrimazole from those of other 
therapy and the underlying disease (malignancy in 
most cases). Periodic assessment of hepatic function is 
advisable particularly in patients with preexisting 
hepatic impairment 

Since patients must be instructed to allow each 
troche to dissolve slowly in the mouth in order to 
achieve maximum effect of the medication, they must 
be of such an age and physical and/or mental 
condition to comprehend such instructions. 

Carcinogenesis: An 18-month dosing study with 
clotrimazole in rats has not revealed any carcinogenic 
effect. 

Usage in Pregnancy: Pregnancy Category C 
Clotrimazole has been shown to be embryotoxic in 
rats and mice when given in doses 100 times the 
adult human dose (in mg/kg), possibly secondary to 
maternal toxicity. The drug was not teratogenic in mice, 
rabbits, and rats when given in doses up to 200, 180, 
and 100 times the human dose 

Clotrimazole given orally to mice from nine weeks 
before mating through weaning at a dose 120 times the 
human dose was associated with impairment of mating, 
decreased number of viable young, and decreased 
Survival to weaning. No effects were observed at 60 
times the human dose. Whén the drug was given to rats 
during a similar time period at 50 times the human 
dose, there was a slight decrease in the number of pups 
per litter and decreased pup viability, 

There are no adequate and well-controlled studies in 
pregnant women. Clotrimazole troches should be used 
duríng pregnancy only if the potential benefit justifies 
the potential risk to the fetus. 

Pediatric Use: Safety and effectiveness of clotrimazole 
in children below the age of three years have not been 
established; therefore, its use in such patients is not 
recommended 

Adverse Reactions: Abnormal liver function tests have 
been reported in patients treated with clotrimazole 
troches; elevated SGOT levels were reported in about 
1596 of patients in the clinical trials (see Precautions 
section) 

Nausea and vomiting was reported in about one in 
20 patients. 

Dosage and Administration: Mycelex Troches are 
administered only as a lozenge that must be dissolved 
slowly in the mouth. The recommended dose is one 
troche five times a day for 14 consecutive days 

Only limited data are available on the safety and 
effectiveness of the clotrimazole troche alter protonged 
administration; therefore, therapy should be limited to 
Short-term use, if possible. 

How Supplied: Mycelex Troches— white, discoid, 
uncoated tablets are supplied in bottles of 70 and 140 
Each tablet will be identified with the following: Miles 
095. 

Store below 86"F (30*C), avoid freezing 
References: 1. Montes LF, et al: Clotrimazole troches: a 
new therapeutic approach to oral.candidiasis. Cutis 
17:277-280, 1976. 2. Yap B-S, Bodey GP: Oropharyngeal 
Candidiasis treated with a troche form of clotrimazole 
Arch Intern Med 139:656-657, 1979. 3. Kirkpatrick CH, 
Alling DW: Treatment of chronic oral candidiasis 
with clotrimazole troches: a controlled clinical trial. 

N Engl J Med 299:1201-1203, 1978. 4, Data on fiie, 
Miles Pharmaceuticals. 


BER BBR. 
MILES 
CA A 
Miles Pharmaceuticals 


Division of Miles Laboratories, Inc 
West Haven, Connecticut 06516 USA 


© 1983 MILES PHARMACEUTICALS 
DIVISION OF MILES LABORATORIES, INC. DOM-2242 
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SIX WARNING 
SIGNS OF 
KIDNEY RELATED 
DISEASES 
Burning or 
difficu 
duri 
urination 
e More 
frequent 
urination, 
particularly 
at night 
/\ Passage 
A 
OA, of bloody- 
uv AL) appearing 
OAO urine 
Q 
Puffiness 
around eyes, 
swelling of 
hands and feet, 
especially in 
children 
Pain in 
small of back 
just below 
Fe — theribs 
(not aggravated 
by movement) 
High Blood 
Pressure 





For further information contact: 





National Kidney Foundation of New York, Inc. 
432 Park Avenue South 
New York, NY 10016 
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Now You CAN 
SEPARATE [HE Best From THE REST 





Witu THE CUTTER 
INEocEr SYSTEM For YOUNG RED CELLS. 


Now, young red cells can be routinely 
used to improve the management 

of chronically transfused patients 

by decreasing the transfusion require- 
ment and the rate of iron loading... 
or whenever the best red cell product 
is indicated. Because now theres 

a commercially available blood bag 
system for efficient, reliable separation 





SIMPLE, FAST PROCEDURE 

Neocel provides a simple method 
of separation using a standard centri- 
fuge, significantly reducing cost and 
technical difficulty compared to 
present methods. 

Provide a better red cell product. 
with the Neocel System for Young Red 
Cells... another Component Enhance- 


of red cells by age. 


The Neocel System delivers a product 
rich in neocytes (young red cells) dense (oldest) fraction 


Color enhanced red 


A BETTER RED CELL PRODUCT cells 4400x. Top: least 


fraction. Bottom. mosi 


ment Product, only from Cutter. 


dense (youngest) For more information, contact your 
Cutter Biological Representative or call 


with a 3196 extension in mean half-life 


our Professional Services Department 
at (B00) 227-1762. 


over normal packed red cells. 


Cutter Biological wits 


A Envision ot Mies Laboratories Inc € igs Mies Laboratories Inc 
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Wellcome Diagnostics 


A Division of Burroughs Wellcome Co 
3030 Cornwallis Road 


Research Tnangie Park 
Wellcome North Carolina 27709 
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SUBMITTING THE MANUSCRIPT 


BLOOD, The Journal of The American Society of Hematology, 
provides an international forum for the publication of original 
articles, in English, describing basic laboratory and clinical inves- 
tigations encompassed in the broad discipline of hematology. The 
scope of the journal covers all aspects of hematology, including 
disorders of leukocytes, both benign and malignant, erythro- 
cytes, platelets, hemostatic mechanisms, and immunology, as 
well as major developments in clinical laboratory diagnosis and 
blood banking. 


Manuscripts are accepted for consideration on the condition 
that they are contributed solely to BLOOD. No substantial part of 
a paper may have been or may be published elsewhere, except for 
an abstract of 500 words or less. Manuscripts will be critically 
reviewed by the Editor or an Associate Editor with appropriate 
independent referees drawn from the Editorial Board and other 
experts. Acceptance of papers for publication is based upon the 
originality of the observation or investigation, the quality of the 
work described, and the clarity of the presentation. Papers will 
ordinarily be published in the order in which they 
are finally accepted for publication and not in the order of 
submission. Acknowledgments to other investigators for advice 
or data must be substantiated by written authorization specifi- 
cally granting permission to authors. 


Concise Reports: BLOOD will consider for rapid editorial 
review and decision Concise Reports of original investigations of 
scientific importance within the broad discipline of hematology. 
The value to the scientific readership of rapid publication is a 
criterion for acceptance of Concise Reports. Such manuscripts 
must represent original and definitive studies and include ade- 
quate description of experimental methods, documentation of 
findings, and references to the literature. No case studies, 
methods papers, or preliminary reports will be considered. The 
Editors will provide decisions on such manuscripts within three 
weeks of receipt at the BLOOD Office. These decisions may not 
be accompanied by detailed reviewers’ comments such as are 
returned with manuscripts handled in the ordinary manner. 
Request for consideration as a Concise Report should be made in 
the author's covering letter upon submission. Concise Reports 
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Drug Doses and Treatment Schedule for MACOP-B* 














| Drug Dose Route Timing 
4 
Methotrexatet t 400 mg/m? IV Weeks 2, 6, 10 
Doxorubicin 50 mg/m? IV Weeks 1, 3, 5,7, 9. 11 
Cyclophosphamide 350 mg/m? IV Weeks 1, 3,5, 7,9. 1l 
Vincristine 1.4 mg/m? IV Weeks 2, 4, 6, 8, 10. 12 
Bleomvcin 10 Um? IV Wecks 4, 8, 12 
Prednisone 75 mg Oral Daily, dose tapered over the last 15 davs 
Co-trimoxazole 2 tablets Oral Twice daily throughout 
- 
* MACOP-B = methotrexate with leucovorin rescue, doxcrubicin, cvek »phosphamide, vincristine, prednisone, and bleomvcin; 
IV = intravenous. 
** Methotrexate given as a 100 mg nv intravenous bolus, then 300 mg/m? intravenously over 4 hours, followed 24 hours later 
by folinic acid, 15 mg orally, every 6 hours for 6 doses. 
L 2] 








* Kimo P, Connors JM: MACOP-B chemotherapy for t! 


102:596-602, 1985. 


ie treatment of diffuse large-cell lymphoma. Ann Intern Med. 
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WARNING 


It is recommended that Bienoxane* be administered under the 
Supervision of a qualified physician experienced in the use of cancer 
chemotherapeutic agents. Appropriate management of therapy and 
complications is possible only when adequate diagnostic and 
treatment facilities are readily available 

Pulmonary fibrosis is the most severe toxicity associated with | 
Bienoxane. The most frequent presentation is pneumonitis occa- 
sionally progressing to pulmonary fibrosis. Its occurrence is higher 
in eiderly patients and in those receiving greater than 400 units total i 
dose, but pulmonary toxicity has been observed in young patients | 
and those treated with low doses. i 

A severe idiosyncratic reaction consisting of hypotension, mental | 
contusion, fever, chills. and wheezing has been reported in: 
[approximately 1% of lymphoma patients treated with Blenoxane. 








INDICATIONS: Blenoxane should be considered a palliative treat- 
ment. it has been shown to be useful in the management of the 
following neoplasms either as a single agent or in proven combina- 
tions with other approved chemotherapeutic agents: 

Squamous Cell Carcinoma -- Head and neck including mouth. 
tongue. tonsil, nasopharynx, oropharynx. sinus. palate. lip, bucca: 
mucosa. gingiva. epigiottis, skin. larynx, penis, cervix, and vulva. The 
response to Blenoxane is poorer in patients with head and neck cancer 
previously irradiated 

Lymphomas — Hodgkin's. reticulum cell sarcoma, lymphosarcoma. 

Testicular Carcinoma — Embryonal cell. choriocarcinoma. anc 
teratocarcinoma. 


CONTRAINDICATIONS: Blenoxane is contraindicated in patients 
who have demonstrated a hypersensitive or an idiosyncratic reaction 
to it 


WARNINGS: Patients receiving Blenoxane must be observed 
carefully and frequently during and after therapy. It should be used 
with extreme caution in patients with significant impairment of renal 
function or compromised pulmonary function. 

Pulmonary toxicities occur in 10% of treated patients. In approx- 
imately 1%, the nonspecific pneumonitis induced by Blenoxane 
progresses to pulmonary fibrosis. and death. Although this is age and 


dose related, the toxicity is unpredictable. Frequent roentgenograms 
are recommended 

Idiosyncratic reactions similar to anaphylaxis have been reported in 
1% of lymphoma patients treated with Blenoxane. Since these usually 
occur after the first or second dose, careful monitoring is essential 
after these doses 

Rena! or hepatic toxicity, beginning as a deterioration in renal or 
liver function tests, have bean reported. infrequently. These toxicities 
May occur, however, at any time after initiation of therapy. 

Usage in Pregnancy: Safe use of Blenoxane in pregnant women has 
not been established 


ADVERSE REACTIONS: Pulmonary — This is potentially the most 
serious side effect, occuring in approximately 10% of treated 
patients. The most frequent presentation is pneumonitis occasionally 
progressing to pulmonary fibrosis. Approximately 1% of patients 
treated have died of pulmonary fibrosis. Pulmonary toxicity is both 
dose and age-related. being more common in patients over 70 years of 
age and in those receiving over 400 units total dose. This toxicity, 
however, is unpredictable end has been seen occasionally in young 
patients receiving low doses. 

Because of lack of specificity of the clinical syndrome, the 
identification of patients with pulmonary toxicity due to Blenoxane has 
been extremely difficult. The earliest symptom associated with 
Blenoxane puimonary toxicity is dyspnea. The earliest sign is fine 
rales. 

Radiographically Blenoxane-induced pneumonitis produces non- 
specific patchy opacities. usually of lower lung fields. The most 
common changes in pulmanary function tests are a decrease in totai 
lung volume and a decrease in vital capacity. However, these changes 
are not predictive of the development of pulmonary fibrosis 

The microscopic tissue changes due to Blenoxane toxicity include 
bronchiolar squamous metaplasia, reactive macrophages. atypical 
alveolar epithelial celis. fibrinous edema. and interstitial fibrosis. The 
acute stage may involve capillary changes and subsequent fibnnous 
exudation inte alveoli producing a change similar to hyaline membrane 
formation and progressing to a diffuse interstitial fibrosis resembling 
the Hamman-Rich syndrome. These microscopic findings are non- 
specific. e.g.. similar changes are seen in radiation pneumonitis, 
pneumocystic pneumonitis. 

To monitor the onset of pulmonary toxicity, roentgenograms of the 
chest should be taken every 1 to 2 weeks. If pulmonary changes are 
noted. treatment shouid be discontinued until it can be determined if 
they are drug related. Recent studies have suggested that sequential 
measurement of the pulmonary diffusion capacity for carbon monox- 
ide (DL.,} during treatment with Blenoxane may be an indicator of 
subclinical pulmonary toxicity It is recommended that the DL, be 
monitored monthly if it is to be employed to detect pulmonary 
toxicities. and thus the drag should be discontinued when the DL, 


fails below 30 te 35% of the pretreatment value 

Because of bleomycin's sensitization of lung tissue, patients who 
have received bleomycin are at greater risk of developing pulmonary 
Toxicity when oxygen is administered at surgery. While long exposure 
to very high oxygen concentrations is a known cause of lung damage, 
alter bleomycin administration. lung damage cen occur at lower 
Concentrations than usually wouid be considered safe. Suggested 
Preventive measures are: 

(3 Maintain FI O, at concentrations approximately that of room air 

(25%) during surgery and the post-operative period. 

(2) Monitor carefully fluid replacement, focusing more on colloid 
administration rather than crystalloid. 

Idiosyncratic Reactions — in approximately 1% of the lymphoma 
patients treated with Blenoxane an idiosyncratic reaction, similar to 
anaphylaxis clinically has been reported. The reaction may be 
immediate or delayed for several hours, and usually occurs after the 
first or second dose. It consists of hypotension, mental confusion. 
fever, chills. and wheezing. Treatment is symptomatic including vol- 
ume expansion, pressor agents. antihistamines, and corticosteroids, 

Integument and Mucous Membranes — These are the most 
frequent side effects, being reported in approximately 50% of treated 
patients. These consist of erythema, rash, striae, vesiculation, 
hyperpigmentation, and tenderness of the skin. Hyperkeratosis, nail 
changes, alopecia, pruritus, and stomatitis have also been reported. It 
was necessary to discontinue Blenoxane therapy in 2% of treated 
patients because of these toxicities 

Skin toxicity :s a relatively late manifestation usually developing in 
the 2nd and 3rd week of treatment after 150 to 200 units of Blenoxane 
have been administered and appears to be relatec to the cumulative 
dose. 

Other — Fever, chilis, and vomiting were frequently reported side 
effects. Anorexia and weight loss are common and may persist long 
after termination of the medication. Pain at tumor site, phlebitis. and 
other local reactions were reported infrequently. 

There are isolated reports of Raynaud's phenomenon occurring in 
patients with testicular carcinomas treated with a combination of 
Bienoxane and Velban*. It is currently unknown if the cause for the 
Raynaud's pheromenon in these cases is the disease, Blenoxane, 
Velban, or a combination of any or all of these. 


SUPPLY: Each vial contains 15 units of Blenoxane as sterile 
bleomycin sulfate. NDC 0015-3010-20 
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l e Change in bowel or 
bladder habits. 


2. A sore that does not 
heal. 


3. Unusual bleeding or 
discharge. 

4. Thickening or lump 
in breast or elsewhere. 
B. Indigestion or diffi- 
culty in swallowing. 
6. Obvious change in 
wart or mole. 


7. Nagging cough or 
hoarseness. 





8.4 fear of cancer that 
can prevent you from 
detecting cancer at an 
early stage. A stage 
when it is highly cur- 
able. Everyone's afraid 
of cancer, but don’t let 

it scare you to death. 
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Clonogenic Cells in Acute Myeloblastic Leukemia 


By James D. Griffin and Bob Lowenberg 


ORMAL granulocytes, monocytes, and erythrocytes 

are derived from small numbers of bone marrow 
progenitor cells that have extensive proliferative capacity.'? 
In vitro cell culture techniques to identify progenitor cells 
have been available for 20 years and depend on the ability of 
these cells to form colonies of fully differentiated cells in 
semisolid medium in response to specific growth factors. $ 
These colony assays have been used to investigate in vitro 
regulation and various biological characteristics of both 
multipotent and lineage-committed progenitor cells (see 
reviews 7 to 9). Shortly after the development of normal 
colony culture techniques these methods were applied to 
acute myeloblastic leukemias and culture conditions were 
defined that allowed growth of colonies of leukemic cells.9-!5 
In most cases, formation of leukemic colonies was not 
autonomous, and additition of growth factor(s) from normal 
leukocytes augmented colony growth. It was surprising, 
however, that despite the apparent homogeneity of most 
populations of acute myelogenous leukemia (AML) cells, 
only a small fraction of cells had the capacity to proliferate in 
vitro. 

These clonogenic leukemic cells have been the subject of 
considerable investigation, and also the source of some 
controversy, in the ensuing years. The possibility that these 
clonogenic cells act as stem cells in vivo to maintain the rest 
of the leukemic cell population is an intriguing possibility 
that has potentially important therapeutic significance.'??? 
The identification, culture, growth characteristics, and bio- 
logical and clinical significance of clonogenic cells in AML 
will be the subject of this review. 


NORMAL HEMATOPOIETIC STEM CELLS 


Primitive pluripotent hematopoietic stem cells with the 
capacity to form all blood elements, including myeloid cells, 
erythrocytes, megakaryocytes, and lymphocytes, have been 
demonstrated in mice? ? and humans/*? using genetic 
markers. Murine granulocyte/erythrocyte/megakaryocyte 
multipotent progenitor cells can be readily assayed as spleen 
colony-forming units (CFU-S), and these cells have been 
shown to have at least limited self-renewal capacity in 
secondary colony assay experiments." In both mice and 
humans an in vitro colony assay for a progenitor cell common 
to granulocytes, erythrocytes, monocytes, and megakaryo- 
cytes has been developed (CFU-GEMM),?^? and in some 
circumstances T lymphocytes are also generated.” The fac- 
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tors regulating proliferation of this cell are poorly under- 
stood, but T cell-derived lymphokines are required in vitro. 
The CFU-GEMM is a rare cell in normal human bone 
marrow (approximately 5 to 10 cells per 10? mononuclear 
cells), and despite some similarity to the murine CFU-S, 
self-renewal capacity is minimal or absent. The progeny of 
CFU-GEMM cells become committed to one lineage or 
another, and these committed progenitor cells can be assayed 
in vitro as erythroid burst-forming units (BFU-E),?? ery- 
throid colony-forming units (CFU-E),? granulocyte/mono- 
cyte colony-forming units (CFU-GM),”* or megakaryocyte 
colony-forming units (CFU-Mega).? The humoral factors 
inducing colony formation in each case are partially defined. 
The CFU-GM cell, for example, proliferates in response to 
colony-stimulating factors (CSFs), a family of glycoproteins 
secreted by activated T cells, monocytes, endothelial cells, 
and certain tumor cells." In general, proliferation of any of 
the committed progenitor cells is associated with differentia- 
tion, although colonies of undifferentiated human blast cells 
have been described.” The distinction between various 
hematopoietic growth factors has not been adequately made 
in all cases, however, and definition of the range of activity of 
each factor may require studies with factors produced by 
molecularly cloned genes. For example, recent studies with 
recombinant human GM-CSF"! have shown that this CSF 
stimulates growth of not only CFU-GM, but also BFU-E and 
CFU-GEMM."? [t is also likely that direct cell-cell interac- 
tions are important in the regulation of hematopoiesis, and 
stromal cells, endothelial cells, natural killer cells, and T cells 
may all play roles. However, despite some uncertainty as to 
the precise regulatory mechanisms of normal hematopoiesis, 
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several fundamental principles are clear. True pluripotent 
stem cells with self-renewal ability are rare cells, and for 
most progenitor cells proliferation is accompanied by lineage 
commitment and terminal differentiation. 


HEMATOPOIESIS IN AML 


Many of these fundamental principles of hematopoiesis 
are inoperative in AML, a disorder in which there is an 
accumulation of immature blasts that fail to differentiate to 
functional granulocytes or monocytes. Normal hematopoie- 
sis is suppressed by either physical displacement of stem cells 
by leukemic cells or production of inhibitory humoral factors 
(such as acidic isoferritins?), leading to a characteristic 
pancytopenia of normal blood elements. 

Although AML is the result of clonal expansion of a single 
cell,“ it is clear that the resulting leukemic cell population is 
biologically heterogenous despite morphological homogenei- 
ty. Studies with *H-thymidine (ÓH-TdR) labeling have 
shown that only a small fraction of AML cells are actively 
synthesizing DNA in vivo. This small population of prolif- 
erating leukemic cells can be identified in vitro by colony 
assays described below. 


TECHNIQUES FOR AML COLONY GROWTH 


In the initial attempts to grow leukemic colonies, normal 
‘leukocyte feeder cells were added to an agar underlayer as a 
source of stimulating factors, and AML blast cells were 
plated in a second layer on top of the underlayer. The 
appearance of truly leukemia derived clones in these cultures 
has been confirmed by cytogenetic analysis. Other colony- 
stimulating materials for normal CFU-GM have also been 
employed for growing AML clonogenic cells, eg, conditioned 
media from cell lines** or human placental-conditioned 
medium (HPCM).” 

While these methods efficiently induce normal myeloid 
colony formation, they are often insufficient to permit the 
maximum outgrowth of AML colonies. In some cases, only 
single cells surviving in the dish are discerned at the end of 
culture or no evidence of proliferation is apparent at a]1, ^? 
Frequently small (less than 20 cells) or somewhat larger 
clusters (less than 40 cells) are produced during culture. 
Using standard culture techniques, the nongrowing and 
small cluster-forming groups of patients account for the 
majority (60% to 70%) of the newly diagnosed cases of 
AML.!**° In fact the poor responsiveness of AML-CFU to 
stimulation has been explained by their variable and 
decreased sensitivity to CSF." 

By analogy with the observations that each type of normal 
hematopoietic progenitor cell requires a specific colony 
assay, attempts have been made to develop more efficient 
AML colony methods. Exposure of the cells to phytohemag- 
glutinin (PHA) during a 15-hour preincubation in suspen- 
sion and subsequent culturing in a soft agar dish with a 
leukocyte feeder allowed for the formation of significant 
numbers of AML colonies of more than 50 cells in the 
majority of patients with AML 14 In subsequent modifica- 
tions of the technique, PHA was added directly to one-stage 
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cultures that contained irradiated leukocytes in the agar 
underlayer and the AML target cells in a liquid over- 
layer,!©*? or more recently PHA and HPCM in combination 
have been used as additions to agar cultures.” Others have 
employed PHA-leukocyte-conditioned medium as a stimu- 
lus in methylcellulose."55 Repeated feeding of the dishes 
during the incubation time has been suggested to enhance the 
colony-forming efficiency as well. These modified cultures 
are permissive to AML colony formation in 80% to 90% of 
cases)? and may promote growth of unique clonogenic 
cells. Seven-day colonies are composed of morphologi- 
cally identifiable blast cells carrying cytogenetic AML 
markers.!5?? The blasts of colonies show partial but aberrant 
maturation when analyzed with combinations of immunolog- 
ical surface markers. 9 

T lymphocytes and monocytes are the active components 
of the leukocyte feeder layer when used in combination with 
PHA for stimulation of AML-CFU.* Natural killer cells 
may inhibit AML clonogenic growth in vitro. The basis of 
the higher AML cloning efficiency of the PHA cultures has 
not been elucidated. The improvement of growth under these 
conditions may be due to the supply of another inducer that 
affects AML clonogenic cells, or the release of a cofactor 
that enhances the colony-forming response to CSFs by 
causing a shift in the dose response curve.” It is less likely 
that the enhancement of AML colony formation is due to a 
direct effect of PHA exerted on AML-CFU. PHA asa single 
ingredient in culture gives poor growth whereas the use of 
PHA-LCM (which would contain only minimal concentra- 
tions of PHA in the final colony cultures) results in effective 
stimulation." 

For culture systems with PHA, growth of normal T cells 
must be avoided by effective T cell separation from the AML 
marrow/blood sample plated.!9!55 T cell marker analysis of 
colonies is an integral part of the procedure to rule out 
interfering T cell clone formation. It would be important to 
identify the growth factors provided by PHA and leukocytes 
that stimulate the proliferation of AML-CFU: (a) for our 
understanding of the requirements of AML clonogenic cell 
proliferation and for delineating abnormalities thereof (eg, 
for growth factor receptor studies), (b) for separation of 
these factors from inhibitors, and (c) for standardization of 
culture techniques for optimal and reproducible application. 
As PHA-stimulated cells release a wide variety of lympho- 
kines including hemopoietic growth factors that affect dif- 
ferent cell types and cell functions, there may be multiple 
regulators of AML-CFU proliferation including both stimu- 
latory and inhibitory factors. Studies with purified CSFs 
produced in vitro from cloned genes are likely to provide 
answers to these questions. Studies with recombinant human 
GM-CSF (from a gene normally expressed by T lympho- 
cytes) indicate that this factor is a growth promoter of AML 
cells, but not necessarily the only such factor. Preliminary 
studies with recombinant human G-CSF and M-CSF indi- 
cate that G-CSF is both active in promoting AML-CFU 
proliferation and further is synergistic with GM-CSF, while 
M-CSF promotes growth in only occasional cases (Griffin J, 
unpublished observations) (Table 1). 
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Table 1. Effects of Recombinant Human CSFs on Growth of 
AML-CFU 








Growth Promoting Activity For: 








CSF* CFU-GEMM BFU-E CFU-GM CFU-M CFU-G AML-CFU 
M-CSF — - - + - - 
G-CSF = — + — + + 
GM-CSF + + + + + + 
IL-3 + + + + + + 





*Recombinant human CSFs derived from media conditioned by COS 
cells transfected with full length cDNAs of CSF genes, supplied by Dr 
Steven Clark, Genetics Institute, Cambridge, MA. CFU-GEMM, multipo- 
tent progenitor cell; BFU-E, erythroid burst forming unit, CFU-GM, -M, 
-G, granulocyte and/or monocyte colony forming unit. CFU-GEMM and 
BFU-E assay performed in methylcellulose, all others in agar. 


BIOLOGICAL CHARACTERISTICS OF CLONOGENIC CELLS 
IN AML 


Cell cycle. Asin the case of normal human bone mar- 
row-derived colony-forming cells, it is difficult to determine 
the in vivo significance of AML-CFU. However, there are 
several observations that suggest AML-CFU function as 
leukemic progenitor cells. First, it is likely that AML-CFU 
are among the group of in vivo cells that are actively 
proliferating. Thymidine suicide studies show that a very 
high proportion of AML-CFU are in S phase of the cell cycle 
and thus are synthesizing DNA in vivo.? The thymidine 
suicide rate is variable, but in some cases is as high or higher 
than for normal bone marrow CFU-GM. Marie has shown 
that thymidine labeling index of blasts correlates with the 
rate of leukemic colony formation.™ The generation time and 
duration of S-phase of AML-CFU have been measured by 
Minden and shown to be similar to normal bone marrow 
CFU-GM.® Thus, AML-CFU are actively cycling and may 
make up the majority of proliferating cells in vivo. 

Self-renewal capacity. The second property of AML- 
CFU that suggests their role as progenitor cells is self- 
renewal capacity.279?! Colonies can be recovered easily from 
methylcellulose cultures, pooled, and replated to give an 
estimate of secondary replating efficiency (PE2). Consider- 
able variability in PE2 has been observed among different 
patients, but PE2 was stable when cells from a single patient 
were repeatedly tested, even at relapse." PE2 was gener- 
ally <1% and rarely >10%.” Tertiary replating efficiency 
was always low, and more than 4 generations of colonies have 
not been observed. The marked variation in PE2 among 
different patients has been interpreted by McCulloch and 
colleagues to be due to random determination of self-renewal 
versus commitment to “differentiation,” which as in the case 
of normal progenitor cells, would be associated with loss of 
proliferative capacity.” When secondary colonies are 
obtained, they tend to have the same size and morphology as 
the primary colony. 

There is some evidence that more than one colony may be 
grown in some patients.” True colonies often coexist with 
numerous clusters. Lowenberg has investigated the PE2 of 
large and small aggregates and found that the PE2 of large 
colonies is much greater than that for small colonies or 
clusters. However, secondary colonies were observed occa- 
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sionally even in the small clusters, although for the most part 
large secondary colonies were derived only from large pri- 
mary colonies. The significance of finding large and small 
colonies is not clear. For normal myeloid progenitor cells, 
cluster-forming cells are more mature than (and are derived 
from) colony-forming cells, but neither form secondary 
colonies. It seems likely that leukemic cluster-forming cells 
are for the most part derived from colony-forming cells. In 
some cases the parental cells of colonies and clusters in AML 
can be distinguished by different surface markers.” This 
may indicate that they represent subsequent differentiation 
stages, but this remains to be established. Overall, these 
observations suggest that the leukemic clone may be orga- 
nized in a fashion similar to normal myelopoiesis, with a 
hierarchy of progenitor cells generating large numbers of 
“differentiated” nonproliferative leukemic cells. 


DIFFERENTIATION OF CLONOGENIC CELLS IN VITRO 


The third property of AML-CFU consistent with their 
role as progenitor cells is the capacity to undergo differentia- 
tion in vitro, at least to a limited extent. It is evident that 
most daughter cells of AML-CFU exit from the cell cycle 
and cannot again be induced to proliferate in vitro, a 
property associated with normal granulocyte/monocyte dif- 
ferentiation. Evidence that AML-CFU may “differentiate” 
during this process came initially from cytological examina- 
tion of colony cells!™ but cellular morphology was often 
bizarre and maturation incomplete. More recent data on the 
abilities of AML-CFU to differentiate in vitro comes from 
surface marker analysis. A number of investigators have 
generated monoclonal antibodies that recognize cell surface 
antigens expressed by normal myeloid cells??? Some of 
these antibodies detect antigens that are expressed at dis- 
crete stages of normal progenitor cell differentiation and can 
be used to distinguish cells at various levels of maturation. 
Many of the differentiation antigens identified by these 
antibodies are expressed by AML cells, particularly antigens 
normally expressed by myeloid progenitor cells. Using 
immunofluorescence and flow cytometry, such monoclonal 
antibodies have provided the ability to “quantitate” the 
degree of cellular differentiation of leukemic cells and cell 
lines in suspension culture." Marie studied the acquisition 
of the granulocyte differentiation antigen MY] antigen 
during formation of blast colonies by leukemic cells from 
eight AML patients.” In five of eight cases, the percentage 
of MY 1 + cells in developing colonies increased over a period 
of two to ten days. In some, but not all, cases this correlated 
with increased naphthol AS-D chloroacetate esterase (CAE) 
activity, whereas MY1 expression always correlates well 
with CAE activity in normal progenitor cells. This was 
interpreted as showing that many components of granulo- 
poietic differentiation occur in blast colony formation, but 
different components may be expressed aberrantly. This 
study was extended by Griffin who showed that the 
monocyte antigen MY4 could not be detected on AML-CFU 
cells prior to in vitro culture, but MY4+ cells could be 
readily detected in leukemic colonies after several days of 


culture. Similarly, Wouters and Lówenberg showed that... 


^ 
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AML-CFU from patients with AML lacked the granulocyte 
differentiation antigen B4.3, but acquired this antigen dur- 
ing colony formation.” In an additional seven cases, 
increased numbers of blasts staining for B4.3 or B13.9 
antigens were observed after colony formation.” In most 
cases, differentiation was qualitatively and kinetically aber- 
rant when compared with normal CFU-GM cells. For exam- 
ple, in one case expression of an unexpected marker was 
detected; it was the T lymphocyte differentiation antigen T6. 
Thus, evidence from several surface marker laboratories has 
shown that clonogenic cells in AML undergo an aberrant 
type of "differentiation" during colony formation. In most 
cases, the resulting cells acquire maturation-associated prop- 
erties: loss of proliferative potential, loss of self-renewal 
capacity, and acquisition of new surface proteins that reflect 
cellular differentiation to a partial extent. This process 
occurs “spontaneously” in the presence of growth factors but 
it may be possible to accelerate differentiation by addition of 
certain differentiation-inducing chemicals such as dimethyl- 
sulfoxide, phorbol myristic acid (TPA), or gamma-interfer- 
on.®!™ These compounds are potent inducers of differentia- 
tion of leukemic cell lines such as HL-60 and some fresh 
leukemic cells in suspension culture," while GM-CSF is 
not generally an effective inducer of human leukemic cell 
lines. More studies are necessary to determine the effects of 
these agents on clonogenic cells. TPA has been shown to 
inhibit AML-CFU formation to a greater extent than CFU- 
GM formation, but this effect may be dose dependent, with 
very low concentrations of TPA (<10~"° mol/L) increasing 
the secondary plating efficiency." 


GROWTH OF AML BLASTS IN SUSPENSION CULTURE 


Except in rare cases, growth of AML cells in methylcellu- 
lose or agar is self-limited and proceeds for only a short 
period of time. AML-CFU will also proliferate 1n liquid 
suspension culture” for periods of up to 70 days when 
stimulated by PHA-LCM, and can be maintained in expo- 
nential growth for periods of several weeks. The addition of 
methylcellulose to liquid cultures inhibited growth. High 
cell density was required for maximum growth, but this 
requirement could be replaced by adding blast cell mem- 
branes (5 x 10° cell equivalents/mL).? The membrane- 
bound factor has not yet been further characterized. 

AML cells have also been grown in long-term marrow 
cultures, both with and without preformed normal adherent 
layers. In some cases, but not all, the long-term culture 
conditions appeared to favor growth of normal progenitor 
cells rather than AML-CFU.” In many cases, adherent 
layers failed to develop from AML marrows.” When AML 
cells were added to preformed adherent layers, AML-CFU 
proliferated very briefly and the leukemic cells tended to 

` differentiate rapidly. 


SURFACE PHENOTYPE OF CLONOGENIC CELLS IN AML 


Recently, considerable progress has been made in the 
identification of normal progenitor cell surface antigens, and 
different stages of normal progenitor cells can now be readily 
distinguished by their phenotypes. These progenitor cell 
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antibodies offer the possibility of identifying a normal coun- 
terpart cell for AML-CFU. Three studies have been reported 
in which AML-CFU have been analyzed with panels of 
monoclonal antiprogenitor cell antibodies (Fig 1) by comple- 
ment lysis.292?* Lange et al studied ten cases with S-13, 
S8.6, HLA-DR, S16-144, S4.7, and R1B19%; Sabbath et al 
studied 20 cases with HLA-DR, MY9, PM-81, AML-2-23, 
Mol, Mo2, and MY4™”; and Lowenberg studied seven cases 
for expression of S3-13, S4-7, S8.6, S16-144, S16-109, 
S17-25, B4.3, and HLA-DR antigens.” The results of these 
three studies are summarized in Table 2. Of the 37 cases 
tested, AML-CFU from all cases expressed one or more of 
the antigens tested. In most cases, antigens were expressed 
either by >90% of AML-CFU or by <10% of AML-CFU. 
However, some antigens, particularly those associated with 
more mature cells, were expressed heterogeneously by AML- 
CFU from an individual patient, being found on some, but 
not all, clonogenic cells. This finding suggests that multiple 
populations of AML-CFU may exist in some cases. How- 
ever, low antigen density may account for some of this 
variability. Unfortunately, no CFU-GEMM-specific anti- 
gens have been identified, and all of the CFU-GEMM 
reactive antibodies employed in these studies also react with 
more mature progenitor cells. Nevertheless, several antibod- 
ies are available, such as PM-81, AML-2-23, and S4-7, 
which react with intermediate-level progenitor cells, but not 
with CFU-GEMM. Therefore, reactivity of one of these 
antibodies with AML-CFU identifies these cells as being the 
leukemic counterpart of a normal cell at least as mature as 
the earliest normal progenitor cell expressing that antigen. 
Thus, 65% and 69% of AML cases had a dominant AML- 
CFU population that expressed the day 14 CFU-GM anti- 
gens PM-81 and S4.7, respectively Thirty per cent of cases 
had AML-CFU that expressed the day 7 CFU-GM antigen 
AML-2-23. Interestingly, 8 of 10 cases studied by Lange 
expressed the late CFU-GM antigen R1B19. Antigens 
expressed by normal cells only at the blast stage or later 
(Mol, B4.3, MY3) were not detected on AML-CFU (Ta- 
ble 2). These results suggest that AML-CFU phenotypes 
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Fig 1. Schematic representation of the distribution of hema- 


topoietic cell surface antigens on normal bone marrow cells. 
CFU-GEMM, multipotent colony-forming unit; CFU-GM, granulo- 
cyte/monocyte colony-forming unit; pro, promyelocyte; gran, 
granulocyte; mono, monocyte. 


AML CLONOGENIC CELLS 


Table 2. Surface Antigens of Leukemic Clonogenic Cells 








Least Mature Normal Number of AML Cases 

Antibody or Precursor Celi* With >50% Antigen 
Antigen Expressing Antigen Positive L-CFC Reference 

$3-13 CFU-GEMM 17/17 (100%) 62, 79, 93 
HLA-DR CFU-GEMM 33/37 (89) 62, 92, 93 
S8-6 CFU-GEMM 11/16 (69) 62, 79, 93 
MYS9 CFU-GEMM 19/20 (95) 76,92 
$16-144 CFU-GEMM 16/16 (100) 62, 79, 93 
PM-81 day 14 CFU-GM 13/20 (65) 78,92 
$4.7 day 14 CFU-GM 11/16 (69) 62, 79, 93 
R1B19 day 7 CFU-GM 8/10 (80) 62, 79 
AML-2-23 day 7 CFU-GM 6/20 (30) 77,92 
Mo1 blast/Promyelocyte 1/20 (5) 92, 117 
B4 3 metamyelocyte 0/7 (0) 93, 118 
MY3 monocytes 0/20 (0) 75,92 





*CFU-GEMM, granulocyte/erythrocyte/monocyte/megakaryocyte 
colony-forming cell; CFU-GM, granulocyte/monocyte colony-forming 
cell 


vary among different patients. Overall, about !/ of cases have 
had AML-CFU phenotypes comparable to CFU-GEMM 
(or earlier) cells, while the other % have expressed pheno- 
types of committed progenitor cells (day 7 or day 14 CFU- 
GM). This information is summarized schematically in Fig 
2. 

Abnormal differentiation in AML is reflected in the 
considerable variability of AML-CFU phenotypes and in the 
presence of phenotypes not found in normal cells. Not only 
the presence or absence of certain determinants but also the 
density at which these markers are expressed on the clono- 
genic cells have served to characterize abnormal classes of 
phenotypes,” and this could be useful for diagnostic pur- 
poses in the future. 


COMPARISONS OF SURFACE PHENOTYPES OF AML-CFU 
WITH THOSE OF AML BLASTS 


The phenotypes of the clonogenic cells have also been 
compared to the phenotypes of the majority of circulating 
leukemic cells. In the 10 cases studied by Lange,” very 
“early” progenitor cell antigens such as S3-13 and S8-6 were 
universally expressed by AML-CFU, but were generally lost 
by the rest of the population in each case. Similarly, in the 20 
cases studied by Sabbath,” early progenitor cell antigens 
such as HLA-DR and MY9 were expressed on a signifi- 
cantly higher fraction of AML-CFU than of the total 
leukemic cell population. In addition, several "late"- 
appearing antigens, Mol, Mo2, and MY3, were not 
expressed by AML-CFU, but were commonly expressed on 
the total population (9 of 20 cases had greater than 50% of 
leukemic cells expressing one or more of these antigens). In 
fact, in each of these 20 cases, the total cell population 
expressed new differentiation antigens lacking from the less 
mature AML-CFU population. These results demonstrate 
that differentiation, although incomplete and often markedly 
aberrant, is likely to be an ongoing event in vivo in most cases 
of AML. 

The major limitation of this type of analysis is the possibil- 
ity that the AML-CFU proliferating in vitro is not the most 
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Fig2. The cell of origin of AML. This is a schematic summary 


of data from surface marker and G6PD analysis indicating possible 
sites of origin of AML, chronic myeloid leukemia (CML), and 
myelodysplastic syndromes (MDS). PSC, pluriopotent stem cell; 
mega, megakaryocyte (see legend to Fig 1 for other abbreviations). 
Two CFU-GM cells are shown to indicate early (day 14) and late 
(day 7) CFU-GM. 


immature leukemic stem cell, but a derivative of a stem cell 
that does not grow well with available culture systems. Using 
surface marker analysis to identify different stages of AML- 
CFU, it should now be possible to optimize culture conditions 
for growth of the earliest AML-CFU. 


THE CELL OF ORIGIN OF AML 


Surface marker analysis has shown that AML clonogenic 
cells may arise at multiple points in hematopoiesis in 
different patients, and are less differentiated than their 
progeny in vitro and possibly in vivo. If AML-CFU are 
representative of the ancestral cell that gave rise to the 
leukemic clone, then these observations may shed some light 
on the cell of origin of AML. Unlike chronic myeloid 
leukemia where genetic’ and glucose-6-phosphate 
dehydrogenase (G6PD) isoenzyme studies" have demon- 
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strated that the cell of origin is a pluripotent stem cell in all 
cases, similar studies in AML have suggested that some 
cases arise at the level of pluripotent stem cells while others 
arise at much later stages.“ Involvement of the erythroid 
lineage as well as the granulocyte lineages may be particu- 
larly common in cases with a preceding myelodysplastic 
syndrome. One of the earliest demonstrations of involvement 
of the erythroid lineage in AML was by Blackstock who 
described a case in which a chromosomal marker was 
detected in bone marrow cells that were identified as 
erythroid by their incorporation of radioactive iron? Even 
more compelling evidence comes from glucose-6-phosphate 
dehydrogenase (G6PD) studies. In 1981, Fialkow reported 
four cases of AML in which two young G6PD heterozygous 
patients, ages 10 and 11, expressed only a single isoenzyme in 
leukemic cells, but both isoenzymes in erythrocytes at diag- 
nosis and remission.“ In contrast, two older patients, ages 69 
and 70, had only a single isoenzyme in leukemic cells, 
erythrocytes, and platelets at diagnosis. In one patient who 
went into remission, both isoenzymes were later found in 
erythrocytes, granulocytes, and platelets. In another adult 
case, analysis of B lymphoid cell lines suggested involvement 
of the lymphocyte stem cell as well.” It has been postulated 
that the shorter survival of adults compared to children with 
AML may be due to the more frequent pan-myeloid nature 
of the illness in adults. G6PD heterozygotes with AML are 
rare, however, and only a small number of cases have been 
studied. 

One problem of G6PD analysis is that it may underesti- 
mate the frequency of involvement of multipotent stem cells. 
If the leukemic stem cells are limited in either the extent to 
which they may undergo erythroid differentiation, or in their 
ability to complete erythroid differentiation, then these cases 
would be difficult to detect. Considering the profound abnor- 
malities of myeloid differentiation in AML, abnormal 
erythroid differentiation would not be unexpected. If the 
leukemic clone supplies 10% of erythrocytes, the ratio of 
isoenzymes would theoretically be 1.22:1, while if 30% are 
supplied, the ratio would be 1.86:1. Thus, the contribution of 
the leukemic clone to the erythron must be substantial for 
detection by isoenzyme analysis, as ratios as high as 1.5:1 or 
higher can be seen in normal tissues.“ 

The finding from surface marker analysis that '4 to % of 
AML-CFU have phenotypes of cells committed to granulo- 
cyte/monocyte differentiation” is in agreement with the 
results of isoenzyme studies that many cases of AML arise at 
the level of the CFU-GM." The correlation between the two 
methods is not known, however, and it would be valuable to 
phenotype AML-CFU from patients heterozygous for 
G6PD. 


PROGNOSTIC VALUE OF AML-CFU 


Several investigators have attempted to correlate different 
patterns of leukemic colony growth with prognosis. As noted 
previously, the use of a leukocyte feeder layer often generates 
only scant numbers of colonies, and thus the recovery to 
normal colony numbers may be used as an indicator of 
ensuing hematological remission while persistent leukemic 
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growth indicates induction failure.'*" Remission colonies 
exhibit the nonleukemic karyotype.“ Not only the incidence 
and karyotype of clone forming cells, but also their buoyant 
density, thymidine suicide index (as a measure of active cell 
cycle status of normal colony-forming units), and morpho- 
logical maturation during colony growth all revert to normal 
following attainment of complete remission.!! Recurrence of 
abnormal growth pattern following attainment of complete 
remission usually heralds AML relapse.” 

Various categories of AML colony and cluster growth 
have been defined in order to test for prognostic significance: 
(a) no formation of colonies or clusters in culture, (b) mainly 
small clusters, (c) mainly large clusters, (d) colonies are 
formed but are rare and exist in the presence of a normal 
colony-cluster ratio, or (e) colonies coexist with numerous 
clusters (high cluster-colony ratio). In one large study’? the 
categories a, c, and e were associated with a low rate of 
complete remission. However, in this study diverse chemo- 
therapy programs (often without an anthracycline) were 
used for remission induction, resulting in an overall complete 
remission rate of only 36%. Two later studies revealed a 
poorer prognosis for patients belonging to the large cluster- 
forming category as compared to the more favorable non- 
growing and small cluster-forming patient groups (Ta- 
ble 3).5^* 

In another study an attempt has been made to relate the 
apparent diminished sensitivity of AML-CFU to CSF?! to 
the probability of remission induction success. It was sug- 
gested that in patients in whom the clone-forming cells 
exhibited a higher threshold for CSF, the remission rate was 
reduced.'?! As yet, little information has been collected on 
the prognostic value of PHA-containing cultures. One study 
of 19 patients has indicated that the self-renewal capacities 
of AML-CFU were predictive of a favorable treatment 
result. ? Low secondary plating efficiency, assessed by 
recloning primary colonies in secondary cultures, correlated 
positively with successful induction. As the abnormal colony- 
cluster pattern characteristic of patients with AML is fre- 
quently expressed in patients with the myelodysplastic syn- 
dromes, these abnormalities do not serve as a convenient 
parameter for assessing progression of these diseases toward 
AML.'! The newer PHA supplemented assay has been 
evaluated in a small group of patients with myelodysplastic 
syndromes and did not provide prognostic information.’ 


Table 3. Pattern of Colony/Cluster Growth in Vitro in Relation to 
Remission Induction Rate in AML 











Colony Morphology * 
No Growth Small Aggregates Large Aggregates 
No of No. of No of 
Study (Reference) Pts 96 CRT Pts 96 CR Pts 96 CR 
Moore et al? 13 15 51 53 44 23 
Spitzer et al" 21 76 36 75 15 21 
Browman et al*? 12 83 16 69 24 50 





*Small aggregates, clusters of 20 cells or less; large aggregates, 
clusters of more than 20 cells. For the purpose of intercomparison of the 
three studies, the subdivision of growth patterns was modified according 
to identical criteria 

TCR, complete remission. 
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SENSITIVITY OF AML-CFU TO CHEMOTHERAPY IN VITRO 

Based on the assumption that the clone-forming cells are 
primarily responsible for perpetual growth, several investiga- 
tors have attempted to correlate the in vitro sensitivity of 
AML-CFU to different cytostatic agents with the clinical 
efficacy of the drugs in vivo. 

In pilot studies with anthracyclines, it has been shown that 
maximal cell kill of AML-CFU is achieved within approxi- 
mately ten minutes.!? More prolonged exposures!”® or the 
continuous addition of the drug to the colony dishes!!! did not 
add to the cytoreductive effect. Results are identical when 
fresh or cryopreserved blasts are used.!!° 

Cytosine arabinoside and (hydroxy)daunomycin, common 
drugs in current remission induction schedules, have been 
evaluated most frequently. The results of the compiled 
studies are summarized in Table 4. In spite of the method- 
ological variations, it is of note that the correlations between 
the sensitivity in vitro of AML-CFU to Ara-C and anthracy- 
clines and the ability of these drugs to induce complete 
remissions are positive in most studies. It is possible that the 
combined information from parallel sensitivity testing for 
single drugs/*!!? or from exposure of the cells to multiple 
drug mixtures!? permits the most reliable predictions. How- 
ever, there is substantial overlap in the range of cell kill of 
AML-CFU between sensitive and resistant leukemias, and 
absolute discrimination between responders and nonrespond- 
ers is not possible. The method has been employed to 
investigate the relative efficacy of certain new anthracycline 
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analogues as well, ie, (hydroxy)daunomycin, tetrapyranyl- 
doxorubicin, and aclacinomycin.' The findings of these 
studies provided evidence for non-cross resistance among 
these agents.!!! This system has also been used to evaluate 
differentiation-inducing agents such as interferon! and 
retinoic acid. ^ 

At present in vitro sensitivity testing of AML-CFU has 
not become generally accepted for several reasons. The assay 
requires a minimum of seven days of culture, which is a 
drawback for clinical use. The methods employed in various 
studies are often quite different, so that direct comparisons 
between the results cannot be made For example, the 
susceptibility of AML-CFU to cytosine arabinoside has been 
determined in some cases by adding the drug to colony 
cultures (continuous exposure),^? but in other studies the 
cells have been exposed during a short incubation to the drug 
followed by measuring AML-CFU survival in a colony test 
(preincubation).!$ The levels for distinguishing in vitro 
sensitivity from in vitro resistance of AML-CFU (% cytore- 
duction) vary greatly among different studies, and within one 
study different cut-off points have been considered for indi- 
vidual agents." Colony techniques and the way of evaluation 
(colony size and day of culture) in reported studies com- 
monly are different. The choice of the schedules of remission 
induction chemotherapy and the selection of patients (eg, 
untreated versus relapsed AML) have been diverse. If one 
also considers the small numbers of patients included in most 
of these investigations, that factors other than chemotherapy 


Table 4. Reported Studies on Correlations Between in Vitro Sensitivity of AML-CFU to Chemotherapeutic Drugs and in Vivo Response 


Chemotherapy* 
Drug Ref 116+ Ref 113 
Ara-C 

Incubation dose 0.3 ug/mL — 
Incubation time 1hr — 
96 Loss of AML-CFU >30% «3096 — 

Patients (n) 6 9 — 

Pts. with CR (n) 5 2 — 

(P = 0.04) 


Anthracycline 
Incubation dose 


0.1 ug/mL DNR 


Incubation time 1hr — 
96 Loss of AML-CFU >30% «3096 — 
Patients (n) 9 5 — 
Pts with CR (n) 7 1 — 
(P = 0.09) 
Combined drugs Ara-C + DNR Anthracycline + 
VCR + Ara-C 
+Predn 
Incubation time Thr 1hr 
96 loss of AML-CFU >20% <20% SI high SI low|| 
Patients (n) 9 5 5 9 
Pts. with CR (n) 8 1 4 1 
(P = 0 02) {P = 0.02) 


Ref 58 Ref 48 Ref 111 
1075 mol/L — — 
continuous§ — — 
>50% «3096 = = 
10 12 — — 
9 3 — — 
(P < 0 003) 

1075 mol/L — 1 ug/mL HDNR 
10 min = 1 hr 
>90% «9096 — >90% <90% 
13 8 — 10 13 
8 3 — 7 0 
(P = 0.39} (P < 0.001) 
— Ara-C+ => 


Anthracycline 


1hr 
>30% <30% 
15 23 
11 7 
(P < 0.02) 





*Ara-C, cytosine arabinoside, DNR, daunorubicin; HDNR, hydroxydaunorubicin, VCR, vincristin; Predn, prednisone; CR, complete remission. 
TTwo remission induction failures as a result of hypoplastic death are not included 
{Statistical significance is only indicated for studies involving 15 patients or more; NS, not significant. P values determined by Fister exact test. 
SContinuous, the drug was added to the colony assays during the entire culture period 


ll SI or sensitivity index refers to the relative sensitivity of AML-CFU and indicates the ratio of 96 survival of CFU-GM v 96 survival of AML-CFU following 


drug exposure. High SI, more than 1.0; Low SI, less than 1.0. 
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sensitivity of AML-CFU determine whether a patient will 
survive remission induction treatment (eg, age), and that all 
these studies were retrospective, it is clear that the value of 
testing the chemotherapy sensitivity of AML-CFU is far 
from definitely established. 


CONCLUSIONS 


Clonogenic cells in AML have offered a unique opportu- 
nity to investigate the concept of stem cells in hematopoietic 
malignancies. AML-CFU have properties of true stem cells, 
including high rate of DNA synthesis in vivo, high prolifera- 
tive capacity in vitro, self-renewal capacity, and ability to 
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differentiate to nonproliferative cells. Surface antigen stud- 
ies show that AML-CFU are heterogenous among different 
patients, and are derived from normal counterpart cells at 
various stages of myeloid differentiation. It may be impor- 
tant to determine the growth factors required for AML-CFU 
proliferation to optimize in vitro culture, to determine if even 
earlier stem cells exist, and to better understand how these 
cells have obtained an apparent proliferation advantage over 
their normal cellular counterparts. Finally, AML-CFU 
assays may provide prognostic information through the 
assessment of self-renewal capacity and determining sensi- 
tivity to chemotherapeutic agents. Further investigation in 
this area is warranted. 
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Lysis of Human Fibroblast Colony-Forming Cells and Endothelial Cells by 
Monoclonal Antibody (6-19) and Complement 


By Camille N. Abboud, Reggie E. Duerst, Christopher N. Frantz, Daniel H. Ryan, Jane L. Liesveld, and James K. Brennan 


The murine IgG2a monoclonal antibody 6-19 binds to a 
wide variety of nonhematopoietic cells including human 
marrow-derived stromal cells but does not bind to marrow 
or peripheral blood cells. We studied the effects of this 
antibody and rabbit complement on marrow cells. Fibro- 
blast colonies were eliminated from light density marrow 
cells by a single incubation with monoclonal antibody 6-19 
and complement. The growth and composition of granulo- 
cytic and erythroid colonies were unaffected. Specific 
complement mediated cytotoxicity of the antibody was 


EMATOPOIESIS in man takes place in the extravas- 
cular spaces between marrow sinuses. In these loca- 
tions hematopoietic cells are in close contact with several 
distinct stromal elements that form the hematopoietic micro- 
environment.’ In vivo two cell types have been identified, 
namely, sinus endothelial cells and adventitial reticular cells, 
and intimate anatomical relationships between these reticu- 
lar cells and their hematopoietic counterparts is in keeping 
with their putative nurturing function.” Recently, using the 
Dexter liquid culture system, the importance of the establish- 
ment of a complex adherent layer has been emphasized in 
both mouse and human long-term marrow cultures? Nev- 
ertheless, because several cell types can be identified in such 
monolayers the individual contribution of each cell type 
(fibroblast, endothelial cell, macrophage, or adipocytes) to 
the hematopoietic microenvironment has been difficult to 
quantitate. Here we report that a murine IgG2a monoclonal 
antibody (MoAb 6-19), reactive with human neuroblasto- 
ma,^5 binds to human marrow stromal cells, and can be used 
to deplete fibroblast colony-forming cells (CFU-F) as well as 
endothelial cells from human marrow cell suspensions after 
treatment with complement (C’). Since other progenitor 
cells (CFU-GM, CFU-E, and BFU-E) are not affected by 
this treatment, this method should allow the in vitro quanti- 
tation of the functional role of stromal cells in long-term 
cultures by providing a source of marrow cells depleted of 
fibroblasts, endothelial cells, and Dexter culture stroma 
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confirmed on passaged human fibroblasts derived from 
marrow (more than 99.696 of fibroblasts are killed by a 
single treatment). Similar results were obtained with 
human umbilical cord endothelial cells. In addition, such 
treatment abolished the initiation of Dexter culture stro- 
ma. Incubation of bone marrow cell suspensions with this 
antibody and complement will allow the study of stroma- 
free marrow cells in long-term liquid cultures. 

© 1986 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Cell preparation. Marrow cells were obtained from normal 
volunteers after informed consent. Light density marrow cell suspen- 
sions were prepared as previously described To obtain fibroblasts, 
light density marrow cells were plated at 2 x 10° per mL in McCoy’s 
5A medium (GIBCO, Grand Island, NY) containing 15% fetal calf 
serum (FCS) (Hyclone, Logan, UT). Medium was replaced twice a 
week, and subconfluent monolayers of attached cells were passaged 
with 0.1% trypsin, 0.02% EDTA, in phosphate-buffered saline 
(PBS). Dexter stromal cells were obtained as previously described’ 
and were similarly passaged three times prior to study unless 
otherwise specified. Umbilical cord endothelial cells were obtained 
as described by Wagner et al® Human foreskin fibroblasts were 
obtained from Dr Norbert Roberts and the human embryonic lung 
fibroblast line MRC-5 was purchased from MA Bioproducts, Wal- 
kersville, MD. All fibroblast cultures were maintained in McCoy’s 
medium with 15% FCS. Peripheral blood-derived macrophages 
were prepared by plating adherent light density cells in DMEM with 
10% FCS ın flasks for a period of 24 days. Long-term human 
marrow cultures were initiated as described by Slovick et al.’ 

Bioassays Fibroblast colony assay: light density marrow cells 
were plated at 2 to 5 x 10° per mL in McCoy's 5A and 10% FCS into 
35 mm plastic dishes and incubated at 37°C in a humidified 
atmosphere containing 5% CO,. Colonies of fibroblasts (CFU-F) 
were counted in quadruplicate dishes at ten days of culture? 
Hematopoietic progenitor cell assays; marrow progenitor assays 
were performed as previously described ° A single lot of dialyzed 
GCT-conditioned medium was used as a source of colony-stimulat- 
ing activity. Granulocytic progenitor cell assays (CFU-GM) were 
plated at a cell density of 5 x 10*/mL. Erythroid progenitor cells 
(CFU-E and BFU-E) were assayed by plating light density marrow 
cells at 1 x 105/mL in dishes containing 2 units of erythropoietin 
(Connaught step IIT) per mL of 0 8% methylcellulose Colonies were 
scored at seven and 14 days of culture. Morphologic analysis of 
granulocytic colonies was done at day 14 of culture. 

Monoclonal antibodies The IgG2a MoAb 6-19 was prepared 
as described? MoAb 6-19 was purified from ascites by affinity 
chromatography on a staphylococcus protein A-Sepharose 4B col- 
umn as described by Ey et al! Monoclonal antibody R1B19 
(courtesy of Dr Giovanni Rovera) and common leukocyte antibody 
GAP 8 3 were directly conjugated to phycoerythrin as described by 
Ryan et al " OKMI was obtained from the ATCC and was also used 
as a phycoerythrin conjugate Monoclonal antibodies 6-19 and PC5 
were directly conjugated to FITC as previously described by God- 
ing 13 

Immunofluorescence and flow cytometry. Adherent cells were 
detached with phosphate-buffered saline (PBS) containing 0.1% 
trypsin and 0 02% EDTA, washed, and resuspended at 2 x 10’/mL 
in Puck's saline G, pH 7.6, containing 0.1% sodium azide and 1% 
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FCS. Purified MoAb or isotype specific control myeloma protein 
was added at 5 ug/mL. and the cells were incubated for 30 minutes at 
4°C. The cells were washed and incubated in the same solution 
containing affinity-purified fluorescein-conjugated goat antimouse 
IgG for 30 minutes at 4 °C. In later experiments, the 6-19 MoAb 
and PC-$ isotype control directly conjugated to FITC were used. 
Flow cytometric analysis was performed the same day on a Coulter 
Epics IV (Hialeah, Fla), using an argon laser with 488 nm excitation 
wavelength at 500 mW power.* Low-angle light scatter was used to 
gate out dead cells and debris." 

Antibody-dependent C' mediated cytotoxicity. Light density 
marrow cells were resuspended in medium containing 50% Dulbec- 
co's modification of Eagles medium-50 5 Ham's F12 (DME-F12), 
with 15% FCS at 5 x 10°/mL. Aliquots of cells were incubated for 
15 minutes at 4 °C, with or without MoAb 6-19 (40 u/ mL ). Sterile, 
low endotoxin baby rabbit serum (Pel-Freez) was added as the C' 
source, at a final concentration of 20 vol% (1/5 dilution), and the 
cells were incubated for an additional 30 minutes at 37 °C. The cells 
were then pelleted and resuspended in McCoy's 5A with 10% FCS 
and plated in progenitor cell assays. Cytotoxicity assays of cultured 
cells were performed using a sensitive Hoechst dye-trypan blue 
exclusion technique.'* Early passage (two to five) marrow fibroblasts 
were detached as above, washed, and resuspended in DME-F12 
medium containing 15% FCS. The fluorescent dye Hoechst 33342 
was added to a concentration of 5 pmol/L and the cells were 
incubated for 60 minutes at room temperature. The cells were 
pelleted and suspended in DME-F12. with 15% FCS at concentra- 
tions of 5 x 10*/mL to 3 x 10°/mL. Purified MoAb 6-19 was added 
to a final concentration of 5 to 40 ug/mL and the samples were 
incubated for 15 minutes at 4 °C. Sterile, low endotoxin baby rabbit 
C' was added to 10 to 20% of the final volume and the cells were 
incubated for 30 minutes at 37°C. Cells were then pelleted and 
resuspended in DME-F12, containing 7.5% fetal calf serum and 
0.25% trypan blue and were examined with ultraviolet incident light 
in a fluorescence microscope to count the viable cells. 


RESULTS 


Reactivity of MoAb 6-19 with mononuclear cells and 
stromal cells. Previous studies using immunoperoxidase 
staining techniques of tumor tissue have indicated positive 
staining of 6-19 MoAb of stromal elements but not myeloid 
cell lines such as HL-60, U937, and K562 or lymphoid cell 
lines Nalm-1 and REH. This led us to compare the staining 
of 6-19 MoAb to its isotype control PC5 on mononuclear 
light density cells from blood and marrow (Fig 1). No 
appreciable specific staining of peripheral blood mononu- 
clear cells nor bone marrow cells was detected. These results 
are in keeping with the lack of reactivity of this antibody with 
myeloid and erythroid cells. In order to study the specificity 
of the reactivity of this antibody to stromal cells similar 
studies with 6-19 MoAb directly conjugated to FITC were 
carried out as shown in Fig 2. Definite staining with 6-19 
antibody above control occurred with human fibroblasts 
derived from marrow (A), foreskin (B), or human embryonic 
lung (C). In addition, Dexter stroma grown in the presence of 
horse serum and cortisone was found to react with this 
antibody (2D). No reactivity of 6-19 MoAb occurred with 
cultured peripheral blood macrophages as indicated in 2E. 
Finally, we investigated 6-19 binding to human endothelial 
cells as shown in 2F, and they were positive for that antigen. 
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Fig 1. Peripheral blood and bone marrow mononuclear cells 
stained with 6-19 MoAb. Each histogram displays log green 
fluorescence v log 90 degree light scatter for cells stained with 
PC5 control antibody (A.C.E) or 6-19 antibody (B.D.F). Ficoll- 
Paque (Piscataway, NJ) separated peripheral blood mononuclear 
cells are shown in A and B, dextran-sedimented peripheral blood 
leukocytes in C and D, and light density bone marrow cells in E and 
F. Twenty thousand cells were counted in each histogram with the 
shaded areas of increasing density indicating 2. 16, 128 cells per 
channel in the 64 x 64 channel two parameter histograms. 


Effect of 6-19 MoAb and complement on CFU-F and 
progenitor cells. In view of the ability of 6-19 MoAb to 
bind to cultured marrow fibroblasts, we then studied the 
effects of treatment of marrow light density cells with this 
antibody and C' on marrow fibroblast colony growth and 
granulocytic progenitor cells (Table 1). The treatment with 
MoAb 6-19 and C' completely eliminated CFU-F growth 
from the initial mean of 37 + 4 CFU-F per 5 x 10° cells, 
while CFU-GM growth at days 7 and 14 of culture was not 
affected. In a separate experiment, cytotoxicity studies were 
carried out in duplicate and fibroblastic, erythroid, and 
granulocytic colony growth were analyzed. Fibroblast colony 
growth was abrogated following incubation with MoAb 6-19 
and C’ as shown in Fig 3. The effects of MoAb 6-19 and/or 
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C' on erythroid and granulocytic colony growth are also 
shown. In contrast to fibroblast colonies, there was no 
appreciable decrease in the growth of these progenitors. 
There was also no detectable alteration in colony subtypes at 
day 14 between untreated cells and cells exposed to MoAb 
6-19 and C' (neutrophil-monocyte 71% v 65%, macrophage 
2% v 5%, eosinophil 27% v 30%). 

Cytotoxicity studies on fibroblasts and endothelial 
cells. Finally, the cytotoxic effect of treatment with MoAb 
6-19 and C' on cultured marrow fibroblasts was determined 
after staining with Hoechst 33342, as shown in Fig 4. Only a 
mean of 0.1% of fibroblasts remained viable following incu- 
bation with MoAb 6-19 and C’. In a separate experiment 
human endothelial cells were treated with 5 ug/mL 6-19 
MoAb and 10 vol% C', and survival was determined after 
staining with Hoechst dye. Survival was 83% in untreated 
endothelial cells and 82% in cells treated with complement 


Table 1. Effect of Monoclonal Antibody 6-19 and Complement 
Treatment on Fibroblast Progenitors 





Myeloid Progenitors 


CFU-GM/5 x 10* Cells 


Test Conditions Fibroblast Colonies = 








MoAb c CFU-F/5 x 10° Cells Day 7 Day 14 
- -— 3744 148 « 30 76 « 21 
+ - 34 +3 137 + 27 78 + 22 
= + 32+4 127 + 23 78 + 20 
* + 0 136 + 27 79 + 20 





Data represent mean and standard error from seven experiments. 
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Fig 2. Reactivity of 6-19 MoAb with 
stromal cell types. Each single parameter 
histogram displays log green fluorescence v 
cell number for cells stained with PC5 con- 
trol antibody (light tracing) or 6-19 anti- 
body (heavy tracing). Bone marrow fibro- 
blasts (A), human foreskin fibroblasts (B), 
MRC-5 cell line (human lung fibroblasts) (C), 
passaged Dexter stromal cells (D), cultured 
peripheral blood derived macrophages (E), 
and human umbilical vein endothelial cells 
(F) are shown. Ten to 20,000 cells were 
counted in each histogram. To obtain the 
histogram in D, cells positive for phycoery- 
thrin-conjugated R1B19 or GAP 8.3 were 
gated out. The log green fluorescence 
intensity of the remaining 4596 of the cells 
is displayed (D). 


alone, whereas only 11% of cells remained viable after 6-19 
and C' treatment. 

Effect of 6-19 MoAb treatment on Dexter stroma initia- 
tion. Long-term human marrow cultures were initiated as 
previously described’ using marrow treated with 6-19 MoAb 
and C’. In two separate experiments, mixed adherent layers 
failed to develop. Recovery of adherent cells from flasks at 21 
days of culture revealed no stromal cells but 89% esterase 
positive macrophages and 11% chloracetate positive pro- 
myelocytes. 


DISCUSSION 


Several studies have indicated that a special relationship 
of stromal cells to hematopoietic cells is essential for the 
orderly growth and differentiation of hematopoietic progeni- 
tors.*'5 Recently, with the use of the Dexter long-term liquid 
culture system, the study of the contribution of the microen- 
vironment to normal as well as abnormal hematopoiesis has 
been possible.*'*'’ While marrow fibroblasts are not the only 
cells that contribute to the adherent layer composition, they 
are a major element. Endothelial cells, macrophages, lym- 
phocytes, adipocytes, and ill-defined blanket cells’ are other 
accessory cells present in Dexter cultures. The exact relation- 
ship of these cells to the anatomically defined adventitial 
reticular cells lining the marrow sinuses is unclear. The 
quantitation of the individual contribution of each cell type 
to the nurturing function of the in vitro microenvironment 
has been impossible, since separation of stromal cells from 
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Fig 3. Effect of MoAb 6-19 and C' treatment on erythroid and 
granulocytic progenitor growth v fibroblast colony growth. Note 
the complete elimination of CFU-F growth when 6-19 and C' were 
used together. Data represent mean and standard error from eight 
replicate dishes of two duplicate treatments with MoAb and c. 
*Results for CFU-E were comparable to those of BFU-E. 


marrow by adherence to plastic will usually eliminate mono- 
cytes as well as fibroblasts." In the studies described here, we 
have demonstrated that the MoAb 6-19 and complement 
can be used to selectively deplete human marrow cells of 
stromal cells, without affecting the hematopoietic progeni- 


100 
ot 10 
ix 
52 
æ > 1 
T 
u 77 
0.1 
0.01 
MoAb - - + 


C - + + 


Fig 4. Cytotoxicity of MoAb 6-19 and C' on human marrow 
fibroblasts. Data represent mean and standard error from four 
different experiments. 
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tors. Further, we have shown that 6-19 MoAb reacts with 
stromal cells in Dexter cultures as well as with human 
umbilical cord endothelial cells. This will allow investigators 
to prepare human progenitor cells free from all stromal 
precursors, and hence study the effects of individual stromal 
cell types in long-term cultures on progenitor survival. A 
recent report by Charbord et al'® raises the possibility that 
hematopoietically active stromal layers in human long-term 
marrow cultures are different from fibroblasts and endothe- 
lial cells based on their reactivity with two MoAb that bind 
smooth muscle actin. The identity of these cells and their 
relationship to the adventitial reticular cells is uncicar. The 
demonstration that 99.9% of marrow-derived fibroblasts and 
100% of fibroblast colony-forming cells are killed by incuba- 
tion with MoAb 6-19 and C' suggests that both celis express 
the antigen to which MoAb 6-19 binds and that these cells 
are of similar lineage. Moreover, it appears that light density 
bone marrow cells that are required to produce hemato- 
poietic stroma express the antigen recognized by 6-19 
MoAb, because marrow treated with 6-19 MoAb and C’ was 
unable to form stroma. The presence of the 6-19 antigen on 
human endothelial cells in addition to Dexter stroma but not 
macrophages further underscores the difference between 
accessory cells such as monocytes and macrophages from 
stromal cells. The difference in surface structure of stromal 
cells and hematopoietic progenitor cells is further under- 
scored by a study of Ebell et al,? in which depletion of 
marrow stromal elements (fibroblasts, endothelial cells, and 
adipocytes) occurred in marrow grafts separated by soybean 
agglutinin (SBA). Hematopoietic stem cells were SBA nega- 
tive while the stromal elements and most mature hemato- 
poietic cells were segregated in the SBA positive fraction. 
The availability of an antibody that effectively removes 
marrow stromal cells will allow investigators to study the 
function of these cells and their interaction with other 
accessory cells in long-term culture. 
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S1/SI* Mouse Bone Marrow Stroma In Vitro Contains an Active 
Radiation-Sensitive Inhibitor of Normal Hemopoiesis 


By Kenneth S. Zuckerman, Charles W. Prince, and Maria Ribadeneira 


SI/SI? mice have a defective hemopoietic microenviron- 
ment. It has been assumed, based upon previous studies, 
that the primary abnormality in these mice is simply lack of 
a necessary supportive or inductive material within the 
hemopoietic stroma. We used in vitro long-term bone 
marrow cultures to characterize further the nature of the 
hemopoietic microenvironmental defect in SI/SI° mice. 
SI/SI? mouse bone marrow cells consistently produced 
«1096 of the total hemopoietic cells and multipotent and 
unipotent hemopoietic progenitor cells produced in cul- 
tures of marrow from normal, congenic + / + mice. If fresh 
SI/SI? and +/+ marrow cells were mixed prior to estab- 
lishing long-term marrow cultures, there was a direct 
correlation between number of SI/SI* cells added and 


T; mutant SI/SI* mouse has a hereditary macrocytic 
anemia and diminished production of cells of other 
hematologic lineages, which has been demonstrated quite 
conclusively to result from a defective hemopoietic microen- 
vironment.'-? SI/SI hemopoietic progenitor cells removed 
from their natural environment and transplanted into irra- 
diated normal mice form macroscopic colonies on the surface 
of spleens of recipient mice and cure radiation-induced 
hemopoietic aplasia."!! SI/SI mouse bone marrow and 
spleens do not support macroscopic colony formation, and 
the S1/SI* hemopoietic deficiency is not cured by transplan- 
tation of congenic normal (+/+) or other histocompatible 
normal hemopoietic cells.'""' However, hemopoiesis in SI/SI* 
mice can be restored to normal or nearly normal by subcuta- 
neous or intraperitoneal implantation of intact +/+ mouse 
spleens or femurs, which subsequently become populated 
with hemopoietic cells and become a major, if not the main, 
source of mature hemopoietic cells produced by the 
mouse.*!°!! 

It is of considerable interest that the basic SI/SI? hemo- 
poietic defects are reproducible in vitro in long-term bone 
marrow cultures, although reports differ with respect to the 
degree of the abnormalities that are observed in vitro.'** 
Dexter and Moore” found that a pre-established SI/SI* 
stroma did not support hemopoiesis by fresh bone marrow 
cells from W/W’ mice, which have a known defect of 
hemopoietic progenitor cells, but a normal microenviron- 
ment?^$; but a W/W” stroma supported hemopoiesis by fresh 
SI/SÉ* marrow cells. The purpose of our studies was to use 
long-term bone marrow cultures to better characterize the 
functional defect of the SI/SI? mouse hemopoietic microenvi- 
ronment. 


MATERIALS AND METHODS 


Mice. WCB6F1-(+/+) and WCB6FI-(SI/SI) mice were 
obtained from Jackson Laboratories (Bar Harbor, Me) and were 
maintained by the Department of Comparative Medicine and the 
Animal Services Department of the University of Alabama at 
Birmingham. The mice used for these experiments were seven to 16 
weeks old. 

Long-term bone marrow cell cultures. Long-term bone marrow 
cell cultures were established and maintained using our previously 
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degree of inhibition of +/+ hemopoiesis. A pre-estab- 
lished, confluent SI/SI adherent stromal layer inhibited 
hemopoiesis by fresh +/+ marrow cells by nearly 70%, as 
compared with dishes with irradiated +/+ or no stroma. 
This inhibitory effect was abrogated by irradiation of the 
S1/SI^ stroma prior to addition of the fresh +/+ marrow 
cells. Similarly, unirradiated, but not 9 to 200 Gy irradiated 
SI/SI* stroma inhibited proliferation of the factor-depen- 
dent FDC-P1 hemopoietic progenitor cell line. Thus, the 
SI/SI* hemopoietic microenvironment actively inhibits 
hemopoiesis in vitro, and this inhibition can be at least 
partially eliminated by irradiation of the SI/SI stroma 
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described modifications”! of the methods of Dexter and his 
colleagues.??? Bone marrow cells were obtained from the femurs 
and tibias of the mice, dispersed into a single-cell suspension, and 
cultured in 60 mm plastic tissue culture dishes (Corning Glass 
Works, Corning, NY) at a final concentration of 16 x 10° nucleated 
cells in 5 mL of medium, unless otherwise specified. The cultures 
were maintained in Iscove’s Modified Dulbecco’s Medium (IMDM; 
GIBCO, Grand Island, NY), supplemented with 10% horse serum 
and 10% defined fetal bovine serum (Sterile Systems, Logan, Utah), 
1075 mol/L hydrocortisone succinate (Sigma Chemical Co, St. 
Louis, Mo), 2 mmol/L L-glutamine, penicillin 50 U/mL, and 
streptomycin 50 ug/mL (GIBCO). The cultures were incubated at 
33 °C in an atmosphere of 5% CO, in air and were changed weekly 
by removing all of the medium and nonadherent cells and replacing 
with fresh supplemented medium alone. The cultures were not 
recharged with fresh bone marrow cells, with the exception of the 
experiments in which the ability of an irradiated stromal layer to 
support growth of fresh +/+ marrow cells added one to 21 days 
after irradiation was being assessed. Using these techniques we were 
able to monitor the total cumulative nonadherent hemopoietic cell 
production, which was calculated simply by adding the number of 
nonadherent cells recovered on a given day to the sum of all cells 
recovered during each of the preceding weeks, beginning with the 
second week. Cells recovered after only 1 week of culture were not 
included in these totals, since it was impossible to determine how 
many were simply residual cells from the 16 x 10$ nucleated cells 
inoculated into the cultures initially. Primary cultures were main- 
tained for 3 to 4 weeks prior to irradiation in order to permit a 
confluent or nearly confluent adherent stromal level to be estab- 
lished and to determine whether there was active hemopoiesis 
demonstrable 
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Assays of hemopoietic progenitor cells produced by murine 
long-term bone marrow cultures Multipotent (CFU-GEMM or 
CFU-Mix), erythroid (BFU-E), megakaryocytic (CFU-M), and 
granulocyte-macrophage (CFU-GM) progenitors in the nonadher- 
ent cell population removed from the long-term marrow cultures 
each week were assayed in plasma clot cultures, as described 
previously?! Erythropoietin 3 U/mL was used in all CFU-GEMM 
and BFU-E cultures, and 10% pokeweed mitogen-stimulated spleen 
cell-conditioned medium was used as a stimulant in all of the 
progenitor cell assays. 

Radiation of long-term bone marrow cultures. All culture 
plates in an experiment, including those that were to serve as control 
cultures that received no radiation, were removed from the incubator 
and transported to the Comprehensive Cancer Center’s Small Ani- 
mal and Tissue Culture Radiation Core Facility. Groups of 3 or 4 
culture dishes at a time were irradiated in a Gammacel 1000 unit 
(Atomic Energy of Canada Limited, Kanata, Ontario), which 
delivers a dose rate of 5.2 Gy/min. Cultures were irradiated in a 
single session with 0, 9, 50, or 200 Gy. Then the medium in all of the 
dishes was replaced with fresh medium, and the cultures were 
returned to the incubator. 

Studies of the effects of stroma from long-term bone marrow 
cultures on growth of the hemopoietic growth factor-dependent 
FDC-P1 cell line. The FDC-P1 cell line, which was derived in the 
laboratories of Dr T M. Dexter,” was obtained from the laboratory 
of Dr Peter Quesenberry. The FDC-PI cells were grown in RPMI 
1640 medium (GIBCO) with 10% fetal bovine serum and 25% 
conditioned medium (CM) from the WEHI-3B mouse myelomono- 
cytic leukemic cell line (obtained from Dr Peter Quesenberry), as 
described by Dexter et al.” The FDC-P1 cells (105 cells in 5 mL of 
medium) were added to 60 mm tissue culture dishes that contained 
no other cells, or a pre-established (4-week-old) adherent stromal 
layer from long-term bone marrow cultures of +/+ cells that had 
been irradiated with 9 Gy, unirradiated SI/SI* stroma, or SI/SI 
stroma that had been irradiated with 9, 50, or 200 Gy In all cases 
the FDC-PI cells were added within two hours of the time of 
irradiation of the stromal layers. In each of these experimental 
groups the FDC-P1 cells were added to four culture dishes in the 
absence of any WEHI-3B CM and four additional culture dishes in 
the presence of 25% WEHI-3B CM. The FDC-PI cell growth 
stimulating or inhibiting activity of each type of adherent stromal 
layer was determined by counting the number of FDC-P1 cells 
suspended in the supernatant medium of each culture dish after four 
days. Similar studies were conducted to determine tf CM (used in a 
final concentration of 50% vol/vol) obtained 2 to 3 weeks after 
radiation of the long-term marrow cultures, rather than the intact 
irradiated stroma itself, contained stimulators, or inhibitors of 
FDC-PI cell growth. 


RESULTS 


Growth of +/+ and SI/SI! mouse bone marrow cells in 
long-term cultures. Cumulative production of total nonad- 
herent hemopoietic cells and hemopoietic progenitor cells in 
long-term cultures of WCB6F1-(+/+) and congenic 
WCB6F1-(SI/SI*) bone marrow is shown in Figs 1 and 2, 
respectively. Over a 10-week period of time, SI/SI? cultures 
produced <10% of the number of cells produced in +/+ 
cultures. Production of CFU-GM by SI/SI? cultures also was 
<10% of the production in +/+ cultures; and there were 
almost no detectable CFU-GEMM, CFU-M, or BFU-E 
produced in the SI/SI? cultures. 
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Fig 1. Cumulative hemopoietic cell production in normal 
(+/+) and SI/SI* mouse long-term bone marrow cell cultures. 
Mean + SEM for 20 separate experiments with 3 to 16 culture 
dishes per experiment. 
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Fig 2. Cumulative production of hemopoietic progenitor cells 
in normal (+/+) and SI/SI mouse long-term bone marrow 
cultures. Mean x SEM for eight separate experiments with three 
to 16 culture dishes per experiment and triplicate progenitor cell 
assays. 


SI/SI* MOUSE BONE MARROW STROMA 


Inhibition of normal hemopoietic cell growth in vitro by 
the stroma of SI/S mouse long-term bone marrow cul- 
tures. Several separate approaches were taken to deter- 
mine whether the lack of hemopoiesis in SI/SI* mouse 
long-term cultures was simply a result of lack of a necessary 
supportive or stimulatory material or an active inhibition of 
hemoporetic cell proliferation and/or differentiation by the 
SI/SI* microenvironment. In the first set of experiments we 
initiated the long-term marrow cultures with mixtures of 
16 x 10° +/+ cells along with 0, 4 x 10°, 8 x 10°, or 12.5 x 
10° SI/SI* cells. The results of these studies are shown in Fig 
3. There was a S1/SI* cell concentration-dependent inhibi- 
tion of hemopoiesis by the + / + cells inoculated into each set 
of cultures, with 4 x 10$ and 8 x 10$ SI/SI? cells causing 
about a 35% decrease and 12.5 x 10$ SI/SI* cells causing 
about a 75% decrease in hemopoietic cell production over a 
10-week period of culture. In fact, in the latter group there 
was practically no active hemopoietic cell production 
detected after the fifth week. For reference purposes the 
growth curves for +/+ cells or SI/SI? cells alone cultured at 
the same time as the cell mixtures also are shown in Fig 3 and 
are virtually identical to the results for all of the other 
experiments shown in Fig 1. In addition, to rule out the 
possibility that the inhibitory effect was simply a result of 
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Fig 3. Cumulative production of hemopoietic cells in long- 
term cultures of mixtures of + / + and SI/SI* mouse bone marrow 
cells. The cultures were initiated with the indicated number of 
fresh +/+ and/or SI/SI* mouse bone marrow cells. Each point 
represents the mean value for four culture dishes in one experi- 
ment. Variation between dishes in a given group at each time point 
does not exceed 1596. 
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culturing too many cells in each dish, we cultured 28.5 x 10° 
+/+ cells per dish (to compare with the maximum number 
of cells cultured in the mixture of 16 x 10° +/+ cells and 
12.5 x 10° SI/SI5 cells). In these cultures the hemopoietic 
cell production was greater than that observed in cultures of 
16 x 10° +/+ cells (cumulative production of 10.7 x 10° 
non adherent nucleated cells through week 4, 22.1 x 10° cells 
through week 6, and 41.8 x 106 cells through week 8). Thus, 
SI/SI? cells added at the time of the initiation of the cultures 
had a true inhibitory effect on the establishment of normal 
long-term hemopoietic cell growth. 

In the next set of studies we cultured SI/SI* marrow cells 
for 4 weeks to permit a nearly confluent adherent stromal 
layer to form in the culture dishes. We then compared the 
growth of +/+ marrow cells added to fresh uncoated culture 
dishes with that of +/+ cells added to culture dishes 
containing a pre-established SI/SI? adherent stromal layer. 
As shown in Fig 4, in four separate experiments in which the 
results were virtually identical, the SI/SI? stroma caused a 
68% inhibition of hemopoietic cell production over a 6-week 
time period. It is of further interest to note that when the 
S1/SI? stroma was irradiated before inoculation of the fresh 
+/+ cells, 9 Gy had no effect, 50 Gy reduced the degree of 
inhibition of + /+ cell growth to 38%, and 200 Gy decreased 
the inhibition to 19% below control levels of hemopoietic cell 
production. 

We wish to determine whether the inhibitory effect of 
SI/SI* stroma was a direct local effect of the stroma or was 
secondary to an inhibitory material released into medium by 
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Fig 4. Effect of unirradiated and irradiated adherent stromal 
layers from long-term cultures of SI/SI mouse bone marrow on 
the long-term growth of fresh normal (+ / +} mouse bone marrow 
cells. See the Materials and Methods section for a detailed 
description of the design for these experiments. Each point is the 
mean of four separate experiments, each with four culture dishes 
in every experimental group. 
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the stromal cells. The spent (or conditioned) media from the 
following culture groups were collected at weeks 1, 2, and 3 
after the day of irradiation and stored at —70 9C until 
needed: 9 Gy irradiated +/+ cultures, unirradiated Sys 
cultures, and SI/ sit cultures irradiated with 9, 50, or 200 Gy. 
Fresh long-term cultures of +/+ bone marrow cells were 
established using 100% fresh medium (as a control) or 60% 
fresh medium and 40% CM from one of the above groups. 
With each weekly change of culture medium the same com- 
bination of fresh medium and CM was added that was used to 
initiate the cultures. There never was any inhibitory effect of 
any of these CM preparations on +/+ hemopoiesis. 

Finally, we wanted to confirm our findings of a direct 
inhibitory effect of SI/SI* stroma on hemopoietic cell growth 
using an independent assay system. Therefore, we used the 
hemopoietic growth factor-dependent cell line, FDC-P1, in 
the presence and absence of hemopoietic growth factor- 
containing WEHI-3B CM. These cells (10$ dish) were added 
to culture dishes that were empty or that contained pre- 
established, unirradiated, or irradiated SI/SI* or +/+ 
adherent stromal layers, and FDC-P1 cells were counted 
after four days. The results are shown in Fig 5. None of the 
pre-established marrow adherent stromal layers supported 
FDC-P1 cell proliferation in the absence of WEHI-3B CM. 
Unirradiated S1/SI* stroma inhibited WEHI-3B CM-depen- 
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Fig B. Effect of normal (+ / +} and SI/SI* mouse bone marrow 

adherent stromal layers on the proliferation of FDC-P1 cells. Each 
culture dish was inoculated with 10* FDC-P1 cells in the absence 
(light cross-hatched bars) or presence (dark solid bars) of 2596 
WEHI-3B-conditioned medium. The type of pre-established stro- 
mal layer and the dose of x-irradiation with which the stromal 
layer in the cultures was treated immediately prior to addition of 
the FDC-P1 cells is indicated directly below the bars. The values 
shown represent the mean x SEMI of the number of FDC-P1 cells 
recovered after four days from four separate cultures. 
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dent growth of FDC-P1 cells by 78%. Prior irradiation of the 
SI/SI* stroma with 9 to 200 Gy eliminated the inhibition of 
FDC-PI cell growth. Conditioned media from +/+ or 
SI/SI* long-term cultures that were unirradiated or that had 
been irradiated with 9, 50, or 200 Gy 2 to 3 weeks previously 
had no inhibitory effect on WEHI-3B CM-mediated stimu- 
lation of FDC-P1 cell growth, which is similar to the 
observed lack of inhibition of long-term +/+ marrow cell 
growth by these CM preparations. 


DISCUSSION 


The functional defect of hemopoiesis in SI/SI? mice in vivo 
has been studied extensively." These studies have demon- 
strated conclusively that the abnormalities of hemopoietic 
cell production in this mutant mouse strain are a result of a 
defective hemopoietic microenvironment. Although the 
pathophysiologic, biochemical, and molecular genetic bases 
for the defect(s) remain unknown, it has been assumed on the 
basis of considerable indirect evidence that the SI/SI* mouse 
hemopoietic microenvironment lacks a cell type or a secreted 
product of stromal cells that is essential for supporting 
hemopoiesis. The success of ectopically implanted spleens 
and bones in correcting the hemopoietic defect appears to 
rule out at least a circulating, widely disseminated inhibitor 
of hemopoiesis in S1/SI* mice. However, no studies have been 
done that could rule out a local microenvironmental inhibi- 
tory effect on hemopoiesis. 

Similarly, Dexter and Moore" demonstrated quite clearly 
that the S]/SI* microenvironmental defect could be repro- 
duced in vitro in long-term bone marrow cultures In the 
same set of experiments they used bone marrow cells from 
W/W” mice, which have an apparently normal microenvi- 
ronment, but which have defective hemopoietic progenitor 
cells. A pre-established W/W’ adherent stromal layer was 
able to support normal hemopoiesis by freshly inoculated 
SI/SI marrow cells. In addition, although hemopoietic cell 
production was significantly lower in W/W’ cells than that 
in normal cultures or cultures of SI/SI? cells added to W/W’ 
stroma, hemopoiesis appeared to be diminished even further 
in cultures of W/W" cells inoculated over pre-established 
SI/SI stromal layers. Although this might suggest the 
possibility that the SI/SI* stroma was inhibitory to the 
growth of already defective hemopoietic progenitors, only 
studies of normal cells inoculated on SI/SI? stromal layers 
could resolve this issue. 

The present studies have confirmed that hemopoiesis is 
severely defective in long-term cultures of SI/SI* mice. Other 
reports from our laboratory!5? have demonstrated that 
irradiated (9 to 50 Gy) normal stromal layers supported 
nearly normal hemopoietic cell growth by freshly inoculated 
SI/SI! bone marrow cells. One important new observation in 
the present studies is that SI/SI* bone marrow stroma not 
only does not support but actively inhibits the proliferation 
and/or differentiation of normal (+/+) hemopoietic pro- 
genitors; and this-is the result of a local inhibitory factor, 
either cell membrane associated or extracellular matrix 


associated, which does not appear to be released in an active 


SI/SI* MOUSE BONE MARROW STROMA 


form into the supernatant medium from these cultures. 
These findings were confirmed in independent studies of the 
inhibitory effect of SI/SI* stroma, but not +/+ stroma, on 
the hemopoietic growth factor-dependent proliferation of 
FDC-P1 cells, which provides a potentially important new 
model system for studying stromal effects on hemopoietic 
progenitor cell growth. Thus, it seems to be quite clear that 
there is a local inhibitor of hemopoiesis in the bone marrow 
stroma of SI/SI‘ mice. Although neither we nor other 
groups'*'®'&!9 have been able to detect morphologic differ- 
ences in stromal cell types between +/+ and SI/SI* long- 
term marrow cultures, we cannot rule out the possibility that 
this inhibitory effect of SI/Si* marrow stroma on normal 
hemopoiesis results from an as yet unidentified cell type that 
is present in SI/SI* but not in +/+ marrow stroma. 

A second important finding of the present study is that the 
inhibitory effect of SI/SI* stroma on normal hemopoiesis and 
on FDC-PI cell proliferation can be abrogated by irradiating 
the SI/SI? stroma even with doses of x-irradiation that do not 
cause loss of stromal cells or morphologic changes in the 
stroma that are detectable by phase contrast microscopy.” 
We do not know the explanation for these observations. 
However, several potential mechanisms need to be consid- 
ered. One possibility is that the radiation could stimulate 
production or release or inhibit metabolism of a soluble 
stimulator of hemopoiesis by the SI/SI* stromal cells. This 
seems to be very unlikely for several reasons: (1) the nearly 
50% general decrease in protein synthesis noted in cultures 
irradiated with as little as 9 Gy”; (2) the lack of any 
differential enhancing effect of spent media from unirra- 
diated versus 9, 50, or 200 Gy irradiated SI/SI cultures on 
hemopoiesis in fresh +/+ long-term bone marrow cultures 
(unpublished data); and (3) the lack of inhibitory effect of 
spent medium from unirradiated S1/SI* cultures on +/+ 
long-term culture growth. Another possibility is that irradia- 
tion of the stroma could enhance metabolism of a soluble 
inhibitor of normal hemopoiesis. Our studies that showed no 
inhibitory effect of spent media from unirradiated SI/SI* 
cultures suggest that this is not the explanation for our 
observations. Our results seem to indicate that the hemo- 
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poietic inhibitory activity of SI/SI* stroma is either cell 
surface bound or extracellular matrix bound. Thus, radiation 
of the SI/SI? stroma must result in one of the following: (1) 
loss of a minor population of inhibitory stromal cells, which 
we are unable to detect morphologically; (2) cessation of 
production of an inhibitory cell surface or extracellular 
matrix substance; or (3) increased metabolism of the inhibi- 
tory, but not of necessary supportive, stroma-associated 
components. Although we cannot rule out the first possibili- 
ty, we could not detect stromal cell loss. Furthermore, it 
would be difficult to implicate any quantitatively minor, 
directly inhibitory cell population that would be selectively 
lost, since the inhibitory effect is restricted to the stromal 
layer itself (ie, not secreted into the medium), but the 
inhibition of hemopoiesis is virtually universal, with essen- 
tially no active hemopoietic cell growth on the entire area of 
the adherent stromal layer of the unirradiated SI/SI* long- 
term marrow cultures. Thus, the radiation most likely elimi- 
nates production or release of an inhibitory cell surface 
material that is present on most cells in the stroma or an 
inhibitory extracellular matrix component that is widespread 
throughout the adherent stromal layer of SI/SI* marrow 
cultures. It is tempting to speculate that normal (+/+) 
stromal cells produce a hemopoietic-supportive counterpart 
of the inhibitory S1/SI* stromal protein, but that the defec- 
tive SI/SI? protein competes successfully against the normal 
(+/+) derived protein for binding sites, and thus inhibits 
hemopoietic cell production by fresh +/+ cells placed in 
contact with unirradiated SI /si* marrow stroma. Obviously, 
such a hypothesis can be tested only by finding differences in 
the stromal-associated proteins of the normal and mutant 
mice, purifying the proteins of interest, and studying the 
binding properties of such proteins, if they exist. We have 
reported the finding of definite differences in the bone/bone 
marrow extracellular matrix proteins of +/+ and SI/SI* 
mice.'*? Nonetheless, a great deal more work needs to be 
done before there could be convincing evidence of such a 
critical extracellular matrix protein abnormality that is 
responsible for the microenvironmental defect(s) of SI/SI* 
mice. 
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The Heterogeneity of Type IIA von Willebrand's Disease: 
Studies With Protease Inhibitors 


By J. Batlle, M.F. Lopez Fernandez, M. Campos, B. Justica, C. Berges, J.L. Navarro, J.M. Diaz Cremades, C.K. Kasper, 
J.A. Dent, Z.M. Ruggeri, and T.S. Zimmerman 


The absence of large von Willebrand factor (vWF) multi- 
mers from plasma is a characteristic of Type lA von 
Willebrand's disease (vWD) and is thought to contribute to 
the clinical expression of this disorder. Recently, three HA 
patients have been reported in whom intermediate and 
large multimers could be restored if blood were collected in 
5 mm EDTA, 6 mmol/L N-ethylmaleimide, and 1 mmol/L 
leupeptin. This suggested that absence of large multimers 
resulted from in vitro proteolysis. We have now collected 
blood from ten Type HA vWD patients in these inhibitors 
but were not able to detect large multimers in the plasma 
of any of them. In addition, intermediate-sized multimers 
were reduced or completely absent in all. The ínclusion of 
inhibitors in the citrate anticoagulant, as compared to 
citrate alone, was found to increase the relative proportion 
of intermediate multimers in some patients but had no 
effect in others, and in none did it restore large multimers 
to plasma. The results with platelet vWF were more 
varied. Four patients showed an absence or decrease of 
large multimers, whereas in seven patients large multimers 


HE initial descriptions of Type HA von Willebrand's 

disease (vWD) demonstrated absence of large von 
Willebrand factor (vWF) multimers from plasma.'? Large 
multimers were also absent from platelets in some patients,! 
but this was not a universal finding? The use of high 
resolution agarose gels has since revealed that each multimer 
consists of three or more bands. In HA vWD the minor bands 
are accentuated, particularly the fastest moving band in each 
multimer group.? Ristocetin-induced platelet aggregation is 
decreased to absent, a feature distinguishing Type HA from 
Type HB vWD. In the latter disorder, absence of large 
multimers is associated with hyper-responsiveness to ristoce- 
tin.* Additional subtypes have been described that lack 
large multimers and have a decreased response to ristocetin. 
However, these have a multimer banding pattern that is 
distinct from that seen in HA vWD and normal plasma.^* 
Heterogeneity within Type HA has been suggested by vari- 
ability in the response to 1-Deamino-8-D-Arginine Vaso- 
pressin (DDAVP), both in regard to the presence or absence 
of bleeding time correction and in the appearance or non- 
appearance of large multimers in plasma.* 

Recently, three Type HA patients were reported in whom 
large multimers of vWF were largely restored to plasma and 
platelets when blood was collected in the presence of protease 
inhibitors (leupeptin, N-ethylmaleimide (NEM), and 
EDTA)." This suggested that absence of large multimers 
was the result of in vitro proteolysis, possibly by the platelet 
calcium-activated protease." 

In order to evaluate the role of in vitro proteolysis in 
producing the multimeric pattern of ITA vWD, we have 
collected blood from ten individuals with this disorder in 
I mmol/L leupeptin, 6 mmol/L NEM, and 5 mmol/L 
EDTA. The effect of DDAVP on the bleeding time and the 
multimeric pattern was also evaluated in six of them. The 
results indicated that absence of large multimers in this 


Blood. Vol 68, No 6 (December), 1986: pp 1207-1212 


were present. When compared with citrate anticoagulant 
alone, the inclusion of inhibitors in the anticoagulant had 
little or no effect on the platelet multimeric pattern. 
1-Deamino-8-D-Arginine Vasopressin (DDAVP) was ad- 
ministered to six patients from five families. Two patients 
from one family showed complete correction and a third 
patient showed almost complete correction of her bleeding 
time. Two patients showed minimal correction and one 
showed no detectable correction. An increase in multimer 
size after DDAVP tended to be associated with correction 
of the bleeding time. However, in no case did the largest 
multimers appear in plasma even in patients with complete 
bleeding time correction. The presence or absence of 
inhibitors in the anticoagulant had little or no effect on the 
multimeric pattern after DDAVP. These results indicate 
that Type IIA vWD is a heterogeneous disorder in which 
absence of largest and intermediate multimers is an in vivo 
phenomenon. 
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group of Type IIA patients was not the result of in vitro 
proteolysis and that the response to DDAVP in this subtype 
is varied. 


MATERIALS AND METHODS 


Seven female and three male patients from seven different 
kindreds, aged between 3 and 49 years, were studied. Al] met the 
following criteria for Type IIA vWD: they had lifelong bleeding 
diathesis, their bleeding time was prolonged beyond 20 minutes in all 
except one patient (15 minutes), ristocetin-induced platelet aggluti- 
nation was reduced or absent, and large multimers were absent from 
plasma of blood collected in acid citrate dextrose (ACD) anticoagu- 
lant. Pertinent laboratory data are summarized in Table 1. 
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Table 1. Laboratory Values of HA Patients 
BT After VEC vWF:Ag vWF:RCo 
Sex BT DDAVP tu/dt) (u/dL) (U/dL) RIPA 
P1 F 15 96 152 6.5 D+ 
P2 F >30 9.5 100 50 «1 D+ 
P3 F >30 50 60 jd D+ 
P4 F >30 16 50 40 <1 A 
P5 F >30 40 45 2 A 
P6 M >30 21 33 26 5 A 
P7 M >20 29 21 4 A 
P8 F >20 4.5 35 46 22 D+ + 
P9 M >30 J 30 50 22 D+ + 
P10 F 220 >20 60 54 «1 A 
Normal «8.5 >50 >45 >45 Pa 





Blood for multimeric studies and von Willebrand factor antigen 
(v WF:Ag) quantitation was collected into '/o volume of 3.8% sodium 
citrate or !& volume of ACD pH 4.5, containing sufficient EDTA, 
leupeptin, and N-ethylamaleimide (from Sigma, St. Louis, Mo), to 
give final concentrations in blood of 5 mmol/L, | mmol/L, and 6 
mmol/L, respectively. One aliquot was rapidly spun down at 3,500 
rpm, at 24 °C, for 20 minutes and the PPP collected. Another aliquot 
was used for preparing platelet lysates as described elsewhere'* but 
including the above mentioned inhibitors throughout the entire 
process. All the samples were used immediately or frozen at -- 70 °C 
until used. In some instances, blood was collected in citrate or ACD 
alone for comparison. 

Blood was also collected and added to citrate or ACD with no 
inhibitors for Factor VHI procoagulant activity (VIIEC) assay. 
Ristocetin-induced platelet agglutination (RIPA) assays were car- 
ried out as described previously." vWF:Ag was measured by electro- 
immunoassay (EIA). All quantitative assays were referred to 
average normal plasma (a pool of at least 20 normal volunteers), 
which was defined as containing 100 arbitrary units per deciliter 
(U/dL). 





D+, absent at 1.5 mg/mL of ristocetin, decreased but present at 2 mg/mL of ristocetin; D+ +, decreased but present at 1.5 mg/mL; A, absent 
(patients 6- 10 were tested at 1.5 mg/mL only); P +, present; L kindred. 


The multimeric composition of vWF was analyzed by thin-layer 
agarose electrophoresis in the presence of SDS, using a discontin- 
uous buffer system.'* vWF multimers were identified autoradiogra- 
phically by reacting the gels with '*I-labelled affinity purified 
anti-vWF rabbit antibody obtained as described." 

The protocol for the infusion of 1-Deamino-8-D-Arginine-Vaso- 
pressin (DDAVP; Minirin, Ferring Laboratories, Malmo, Sweden or 
Stimate, Armour Pharmaceutical, Tuckahoe, NY) has been previ- 
ously described? and was approved by the appropriate institutional 
review boards in Spain and :he United States. DDAVP was infused 
at a dose of 0.3 or 0.4 ug/kg with blood samples obtained and 
bleeding time measured (Simplate Il, General Diagnostics, Ana- 
heim, Calif) before and after the infusion. 


RESULTS 


The effect of inhibitors on vWF multimeric struc- 
ture. Inclusion of 5 mmol/L EDTA, 6 mmol/L NEM, and 
| mmol/L leupeptin in the anticoagulant did not result in the 
restoration of large multimers to plasma vWF (Figs 1, 2, 3, 


Fig1. SDS-1.496 agarose gel elec- 
trophoresis of vWF from normal 
plasma (N) and vWD patient plasmas 
{P-1, P-2, P-4, and P-5) collected in the 
presence (+) of 5 mmol/L EDTA, 6 
mmol/L NEM, and 1 mmol/L leupeptin 
or with citrate anticoagulant alone 
{~}. Inclusion of inhibitors in P-1, P-2, 
and P-5 plasmas resulted in the 
appearance of intermediate multimers 
not present in their absence. How- 
ever, no difference is seen in P-4 
plasma and in no case were the largest 
muitimers present in normal plasma 
detected in patient plasmas. 


TYPE HA vow WILLEBRAND DISEASE 


Fig 2. SDS-1.4% agarose gel electro- 
phoresis of platelet (pt) and plasma (pl) 
vWF from a normal individual (N) and two 
patients (P-2 and P-3). Blood for all sam- 
ples was collected in the presence of 
EDTA, NEM, and leupeptin. Plasma vWF 
from P-2 before and after DDAVP is also 
shown. The largest multimers could not 
be detected in the platelets of either 
patient. After DDAVP there was a consid- 
erable increase in intermediate multimers 
of P-2 but the largest multimers were not 
detected even when the bleeding time 
correction was most complete (30 and 60 
minutes). 





Fig 4. SOS-1.4% agarose gel of vWF 
in normal plasma (NP) and patient number 
10 plasma before (0) and after (30', 1 
hour, 2 hours) DDAVP. Blood was col- 
lected in the presence { +} or absence ( —) 
of inhibitors. Minimal change in multi- 
meric pattern was seen after DDAVP. The 
bleeding time did not shorten to less than 
30 minutes. The presence of inhibitors 
had a discernible effect on the multimeric 
pattern only at one hour. Arrow indicates 
origin of resolving gel. 





0’ 


u—————— 
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Fig 3 SDS-1.4% agarose gel of 
VWF from patient number 4 (P-4) 
and normal (N) platelets (pt) and 
plasma. The platelet vWF was from 
blood collected in the presence of 
EDTA, NEM, and leupeptin. Plasma 
vWF was from blood collected both 
in the absence ( —) and presence (+ } 
of inhibitors. The largest multimers 
were present in patient platelets but 
did not appear in patient plasma 
after DDAVP (30', 60’, 2 hours, and 4 
hours), and even though there was a 
considerable increase in the amount 
of vWF in plasma (see Fig 7}, the 
presence of inhibitors had little or 
no effect on the multimeric pattern. 
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Fig 5. SDS-2.296 agarose gel electrophoresis of normal 


plasma (N) and patient plasmas (P-1, P-2, P-4, and P-5) collected 
with (+) and without (—) inhibitors. At this concentration of 
agarose the smallest complete multimer (bracket) is resolved into 
five bands including the major central band. These additional 
bands are greatly accentuated in the patient plasmas but are also 
faintly discernible in normal plasmas (see also Fig 6). Two addi- 
tional minor bands are also seen at the bottom of the gel in normal 
and patient plasma. The inclusion of EDTA, NEM, and leupeptin 
(+) had little or no effect on the intensity of any of these bands. At 
this concentration of agarose large multimers were poorly 
resolved and their absence from patient plasma was often not 
clear. 


4). Though intermediate multimers were often present, they 
were always decreased relative to small multimers when 
compared with the relative proportions in normal plasma. 
The multimeric structure was compared in plasmas from 
five patients in which blood was collected with and without 
inhibitors. In two patients (#4 and #10) there was slight or no 
difference in the resting state or after DDAVP. Patient #4 is 
shown in Figs 1, 3, 5, and 6, patient #10 in Fig 4. In three 
additional patients, numbers 1, 2, and 5, significantly more 
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intermediate-sized multimers were present when inhibitors 
were included in the anticoagulant than in the absence of 
inhibitors (Fig 1). However, in no case was the proportion of 
intermediate multimers the same as normal, or were large 
multimers restored. 

The multimeric composition of platelet vWF was more 
variable. Intermediate multimers were present in all 
patients. However, in patients #2 and 43 large multimers 
were not detectable (Fig 2). In the remaining patients large 
multimers were present (Figs 3 and 6) whether or not 
inhibitors were used. 

Increasing the concentration of agarose in the running gel 
from 1.4% to 2.2% resolved the individual multimers into 
three or more components. In normal plasma the predomi- 
nant central band was seen with less intense bands above and 
below. These "satellite" bands were accentuated in the 
plasma of the HA patients, especially those that moved faster 
than the central band. However, little or no difference in the 
intensity of these bands was seen in the presence or absence 
of inhibitors and no bands were present that could not be 
discerned, at least faintly, in normal plasma. 

The higher resolution 2.2% gels were misleading for 
evaluation of the presence or absence of large or intermediate 
multimers. Thus, patients #4 and #5 showed absence of large 
and intermediate multimers from plasma with the 1.4% gel 
(Fig 1). However, when examined in 2.2% gels, absence of 
these multimers was not apparent (Fig 5). 

Response to DDAVP. The bleeding time response to 
DDAVP varied from undetectable to complete correction. 
Patient #10 had a bleeding time +20 minutes before and 
after DDAVP. Only the smaller multimers were present in 
her plasma and only minimal changes occurred after 
DDAVP (Fig 4). With the exception of the one hour time 
point, no significant difference could be discerned in the 
multimeric pattern whether or not inhibitors were used in the 
anticoagulant and even at this time the difference was 
modest (Fig 4), 

Patient #4 showed a modest change in bleeding time after 
DDAVP, dropping from 26 to 15 minutes (Fig 7). Patient #6 
(not shown) showed a drop in bleeding time from -30 


Fig 6. SDS-2.2% agarose gel of 
vWF from plasma of patient #4 before 
(0' and after (30, 60', 2 hours, 4 
hours) DDAVP collected in the pres- 
ence (+) or absence (—) of inhibitors. 
vWF fram normal plasma (N) is shown 
for comparison. The two left-hand 
lanes show platelet vWF (pt) from 
normal plasma and patient #4. The 
autoradiograph exposure time for nor- 
mal plasma was extended (N*) to bet- 
ter show the minor bands in each 
multimer group. it can be seen that 
the fastest moving band in the first 
multimer group was particularly ac- 
centuated in the patient plasma, 
although there was no evident differ- 
ence in this band whether or not inhib- 
itors were used. 
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Fig 7. Response of patient #4 (P-4) to DDAVP. Only minimal 
correction of the bleeding time was seen. A——A, vWF:Ag; O—O. 
VIII:C; €— 9. vWF:RCo. 


minutes to 21 minutes. Both individuals had modest 
increases in the size of circulating multimers (Fig 3). The 
presence or absence of inhibitors had minimal effect on the 
multimeric pattern in regard to the size of multimers (Fig 3) 
or the banding pattern as determined with the higher resolu- 
tion gels (Fig 6). However, an increase in the relative 
concentration of the fastest migrating band in the smallest 
multimer was noted between 30 minutes and two hours after 
DDAVP, even in the presence of inhibitors (Fig 6). 

Almost complete correction of the bleeding time (>30 
minutes to 9.5 minutes) was seen in patient #2 (Fig 8) and 
complete correction occurred after DDAVP in patients #8 
and #9 (>20 minutes to 4.5 minutes and >30 minutes to 7 
minutes, respectively). Though these patients showed a 
somewhat greater increase in the size of plasma multimers 
than the other patients (Fig 2), in no case were the largest 
multimers restored. It is of interest that the patients who 
showed complete correction of the bleeding time were from 
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Fig 8. Response of patient #2 (P-2) to DDAVP. Almost com- 
plete correction of the bleeding time was seen. A—-A, vWF:Ag: 
O——9O, VIIEC; €— 9, VWF:RCo. 
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the same family and showed the highest resting ristocetin 
cofactor levels (22 U/dL in both cases) and reached normal 
levels after DDAVP (102 and 82 U/dL, respectively). 


DISCUSSION 


These studies extend previous observations showing 
absence of large and intermediate forms of vWF from 
plasma of patients with Type HA vWD. They also emphasize 
the heterogeneous nature of the disorder. The degree to 
which intermediate multimers were absent from plasma 
varied from patient to patient as did the presence or absence 
of large forms from platelets. The response to DDAVP also 
varied in this group from complete correction of the bleeding 
time to virtually no effect. 

In some patients, inclusion of NEM, EDTA, and leupeptin 
in the anticoagulant into which blood was collected for study 
did result in the demonstration of some intermediate-sized 
multimers in plasma which were not evident in the absence of 
the inhibitors. In other patients, however, these inhibitors 
were without effect and in no case did they restore large 
multimers to plasma. No effect on platelet vWF was 
discerned. 

No vWF bands were present in IIA patient plasma that 
could not be detected in normal plasma. However, in high 
resolution gels it was evident that "satellite" bands were 
considerably more prominent in ITA vWF plasma than in 
normal plasma, as we have previously reported. These bands 
were only minimally affected, or not at all, by the presence of 
inhibitors. 

The effect of inhibitors on the plasma multimeric pattern 
after DDAVP was also minimal or not detectable. None of 
the patients studied here showed restoration of large multim- 
ers to plasma whether or not their bleeding times were 
restored to normal by DDAVP. We have recently reported a 
patient with many of the characteristics of Type HA in 
whom large multimers were evident in plasma after DDAVP 
in the absence of protease inhibitors.'? 

The observations reported here differ from the recent 
reports of Gralnick and coworkers of three HA patients in 
whom inclusion of similar inhibitors restored large multimers 
to plasma in the resting state’? and after DDAVP.! These 
workers also detected a rapidly moving band in the absence 
of inhibitors that was not evident in their presence. These 
differences may reflect additional heterogeneity in this dis- 
ease or may be in part technical. The gel system used by 
Gralnick and coworkers differed from that used by us and 
may have resolved large and intermediate multimers differ- 
ently. In our system, simply raising the agarose concentra- 
tion markedly decreased the ability of the gels to resolve 
large and intermediate sized multimers, although it 
improved resolution of individual components of each mul- 
timer. A single gel concentration was not adequate in our 
hands to evaluate both aspects of multimeric structure. 

The studies of Gralnick and coworkers suggest that loss of 
large multimers is essentially an in vitro process resulting 
from an increased susceptibility of 11A vWF to proteolysis 
and that appeared largely correctable by the addition ex vivo 
of protease inhibitors." In contrast, these inhibitors did not 
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restore large multimers to the plasmas of any of the patients 
studied here. In addition, we have recently reported 
increased fragmentation of the vWF subunit from several of 
the HA patients studied here even though plasma was 
collected and processed in the presence of the same inhibi- 
tors. This evidence together with the data presented in this 
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paper indicates that absence of large multimers in HA vWD 
is the result, at least in part, of in vivo proteolysis of VWF. 
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Subunit Composition of Plasma von Willebrand Factor in Patients 
With the Myeloproliferative Syndrome 


By Ulrich Budde, Judith A. Dent, Scott D. Berkowitz, Zaverio M. Ruggeri, and Theodore S. Zimmerman 


in order to evaluate the role of proteolysis in acquired von 
Willebrand's disease (vWD) associated with the myelopro- 
liferative syndrome, we have determined the relative quan- 
tity of von Willebrand factor (vWF) fragments as compared 
with the intact 225 kDa subunit in four patients. The 
plasma vWF of each individual lacked large multimers; each 
had a prolonged bleeding time: and both platelet and 
leukocyte counts were elevated. Plasma was obtained 
from blood drawn into 1 mmol/L leupeptin, 6 mmol/L 
N-ethylmaleimide, and 5 mmol/L EDTA to prevent in vitro 
proteolysis. vWF was isolated from plasma by immunoad- 
sorbent chromatography, reduced, subjected to SDS-5% 
polyacrylamide gel electrophoresis, and immunoblotted 
with a mixture of 55 anti-vWF monoclonal antibodies. In 
three patients with essential thrombocytosis (ET) the 176 


CQUIRED von Willebrand's disease (vWD) has been 
described recently in patients with the myeloprolifera- 
tive syndrome and high leukocyte and platelet counts.!? The 
multimeric pattern of these patients’ von Willebrand factor 
(vWF) resembled that of patients with inherited Type H 
vWD in that the largest and sometimes the intermediate 
multimers were missing.! As in normal plasma, each mul- 
timer could be resolved into three or more bands. The 
multimeric patterns of most patients showed a relative 
increase of the fastest moving band in each multimer, similar 
to HA and HB vWD. Normalization of the platelet and 
leukocyte count usually led to a progressive normalization of 
the multimeric pattern. In several patients, however, some 
abnormalities were still detectable when platelet counts were 
normal. 

We have recently studied the proportion of intact vWF 
subunit, as compared to smaller proteolytic fragments in 
inherited Type HI vWD variants.’ Evidence for increased in 
vivo proteolysis, as compared to that of normal plasma vWF, 
was found in Types HA and IIB. On the other hand, little or 
no proteolysis could be detected in Types HC, HD, and HE 
even though large multimers were also missing from plasma 
in these variants. [n order to determine if proteolysis might 
contribute to the acquired absence of large vWF multimers 
seen in the myeloproliferative syndrome, we have examined 
the subunit composition of vWF from four patients in whom 
the large multimers were absent. Increased proteolysis was 
demonstrated in three individuals with essential thrombocy- 
tosis (ET), whereas no definite evidence of increased proteol- 
ysis could be detected in a fourth patient with polycythemia 
rubra vera (PRV). These results suggest not only that 
proteolysis participates in the pathogenesis of acquired vWD 
in association with the myeloproliferative disorder, but also 
that additional mechanisms should be considered. 


MATERIALS AND METHODS 


Reagents. Leupeptin was acquired from Chemicon (El Segun- 
do, Calif); N-ethylmaleimide (NEM) from Sigma Chemical Co. 
(St. Louis, Mo); electrophoresis pure reagents from Bio-Rad (Rich- 
mond, Calif); rabbit antimouse IgG was from Zymed (San Francis- 
co, Calif). All other reagents were of the highest grade available. 
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and 140 kDa fragments were increased in proportion to the 
intact 225 kDa subunit indicating increased proteolysis. 
Treatment of one ET patient with CCNU (Lomustine) 
decreased the platelet count and, to a lesser extent, the 
white blood cell count. This was associated with a correc- 
tion of the bleeding time, a partial correction of the 
multimeric abnormality, and a lessening of vWF cleavage. 
In a patient with polycythemia rubra vera (PRV) the propor- 
tion of the 176 kDa fragment was increased to the upper 
limit of normal but there was no definite evidence of 
increased proteolysis. These studies provide evidence that 
proteolysis plays a role in the acquired von Willebrand's 
disease associated with the myeloproliferative syndrome. 
However, other mechanisms must also be considered. 

€ 1986 by Grune & Stratton, Inc. 


Patients. Patients studied included three women (Patients 1—3) 
with essential thrombocytosis (ET), aged 26, 45, and 69 years, and 
one woman (Patient 4) with polycythemia rubra vera (PRV), aged 
69 years. Clinical laboratory data is presented in Table I. Factor 
VIII, vWF:Ag, ristocetin cofactor activity (vzWF:RCo), and bleed- 
ing times were determined as described.' 

Preparation of plasma samples. Blood was drawn from a large 
antecubital vein. The blood was collected in polypropylene syringes 
with 1/10th final volume of 3.8% sodium citrate containing suffi- 
cient leupeptin, N-ethylmaleimide (NEM), and EDTA to give final 
concentrations in the blood of 1.0 mmol/L, 6 mmol/L, and 5 
mmol/L, respectively. Platelet-poor plasma was obtained by imme- 
diate centrifugation at 3,200 rpm (approximately 2,700 g) for 20 
minutes at 23 °C. The plasma was rapidly separated from the cells 
and stored at — 70 °C. Platelet-rich plasma was prepared by immedi- 
ate centrifugation at 2,200 rpm (approximately 1,100 g) for 75 
seconds at 23 °C x 3, with aspiration and pooling of the platelet-rich 
plasma after each spin. 

Immunoisolation of plasma vWF. vWF was immunoisolated by 
incubation of 1 to 5 mL of plasma with | to 2.5 mL of agarose beads 
covalently linked with anti-vWF monoclonal antibody, as described.’ 
After extensive washing, the vWF was eluted with 2 mL of 2% SDS, 
0.1 mol/L Tris (pH 8.0) at 60 °C, and the eluate was concentrated 
using Amicon Centricon 30 microconcentrators to a final volume of 
approximately 100 uL. 
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Table 1. Clinical Data of the Four Patients With Myeloproliferative Disease Included in the Study 














1 2 
{ET} {ET} 
30° 
Pre Post 3 4 

4/10/85* 4/17/85 5/8/85 DDAVP DDAVP {ET} {PRV} 
Platelet count (x 10°/mL) 2,240 1,960 348 2,760 2,745 1,765 545 
WBC (x 10°/mL) 19.2 21.5 16.9 13.2 13.4 14.4 16.2 
RBC (x 10"7/mL) 5.64 5.53 5.49 4.10 3.88 5.02 6.13 
Hct 37.7 36.7 36.4 38.9 36.6 38.8 38.9 
Bleeding time (min) >15 >15 8 10 5.5 10.5 >20 
Factor VII (U/dL) 92 110 176 74 225 114 50 
vWF:Ag (U/dL) 112 84 171 52 215 62 36 
vWF:RCo (U/dL) 64 42 166 54 138 64 56 





Abbrev: essential thrombocytosis, ET; polycythemia rubra vera, PRV. 
*CCNU (Lomustine) 160 mg given PO. 


SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) and 
immunoblotting. SDS-5% polyacrylamide gels were prepared 
according to Laemmli.* The vWF was reduced by dithiothreitol 
(final concentration 65 mmol/L) for 15 minutes at 60 °C in pH 7.0 
polyacrylamide gel sample buffer. Following SDS-5% polyacryl- 
amide electrophoresis the samples were transferred to nitrocellulose 
and reacted with a pool of 55 anti-vWF monoclonal antibodies, all of 
which reacted with the reduced 225 kDa subunit.’ The nitrocellulose 
was then reacted wtih "l-rabbit antimouse IgG antibody. The 
relative concentrations of the intact vWF subunit and its proteolytic 
fragments were estimated by identifying each band by autoradiogra- 
phy and then excising each band and counting them in a Packard 
Auto-Gamma Scintillation Spectrometer, United Technologies 
Instrument Co, Downer's Grove, IL. The plasma from each patient 
was processed on four separate occasions and the means and ranges 
of counts were determined from these combined analyses. 

SDS-Agarose Electrophoresis for analysis of von Willebrand 
factor multimers was performed as described.” 


RESULTS 
Prior to therapy in all four patients, large vWF multimers 
were absent from plasma (Figs | and 2). In the three ET 


patients (patients 1, 2, and 3), the fastest moving band in 
each multimer was relatively increased. In the PRV patient 
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Patient 1 Patiant 2 
4/10/85 4/17/85 5/8/85 pre 30 min post 
DDAVP 





(patient 4), the relative concentration of each band within a 
given multimer was similar to that of normal vWF. 

In order to show that the presence or absence of cells in 
plasma did not affect the relative concentration of the vWF 
fragments, the following experiments were performed. vWF 
was immunopurified from plasma prepared by centrifuga- 
tion of blood at 2,700 g for 15 minutes prior to freezing and 
from plasma that had been recentrifuged at 100,000 g prior 
to freezing. Comparison of the relative concentration of 
fragments showed no differences. Similarly, vWF was immu- 
nopurified from platelet-rich plasma that had been incu- 
bated for 18 hours at 37 °C and compared with vWF from 
plasma that had been doubly centrifuged as above and then 
similarly incubated. Again no differences were seen in the 
relative concentration of fragments. 

Evaluation of reduced vWF immunopurified from patient 
plasmas showed that the relative proportions of the 176 and 
140 kDa polypeptides were significantly increased in patients 
1, 2, and 3, and that of the intact 225 kDa subunit decreased 
(Figs 3 and 4). In patient 4, the proportions of the subunit 
and fragments were within the normal range, although the 
176 kDa fragment was at the upper limits of normal. No 


Fig 1. vWF multimeric analysis with 
1.596 high gelling temperature agarose. 
The direction of electrophoresis is from top 
to bottom with the largest multimers at the 
top. it can be seen that the largest multi- 
mers present in normal plasma (N) are 
absent from patients 1, 2, 3, and 4. In 
patient 1 there was partial return of large 
and intermediate-sized multimers following 
treatment with CCNU (sample 5/8/85). 
Patient 2 showed transient return of large 
and intermediate-sized multimers post 
DDAVP. 


MYELOPROLIFERATIVE SYNDROME 


a 





Fig 2. vWF multimeric analysis with 
1.496 low gelling temperature agarose 
(LGT) agarose. The higher resolution 
obtained with LGT agarose separated each 
multimer into at least three bands. It can be N 
seen in patients 1, 2, and 3 that the fastest 
moving band in each multimer (arrows) is 
relatively increased as compared to normal 
but that in patient 4 the pattern is similar to 
normal. 


— 


abnormality of the 189 kDa fragment was seen in any 
patient. 

Patient | was treated with CCNU (Lomustine), following 
which the platelet count and bleeding time decreased to 
normal. The leukocyte count was also reduced but remained 
above normal (Table 1). These changes were accompanied 
by a correction of the bleeding time and partial normaliza- 
tion of the plasma vWF multimeric structure (Figs | and 2). 
Intermediate-sized multimers returned, although not in their 
usual quantity. The relative proportion of bands within each 
multimer also became more similar to that of normal vWF. 
These changes were associated with a partial return toward 
normal of the proportion of fragments in relation to the intact 
subunit (Figs 3 and 4). 

1-desamino-8-D-arginine vasopressin (DDAVP) was ad- 
ministered to patient 2. This was followed by a shortening of 
the bleeding time from ten minutes to 5.5 minutes, a more 
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than twofold increase in vW F:RCo, a threefold increase in 
Factor VIII, and a fourfold increase in vWF:Ag (Table 1). 
The largest multimers returned transiently. However, there 
was no correction of the relative proportions of the bands 
within each multimer nor was there a reduction in the 
proportion of vWF fragments in comparison with the intact 
subunit (Figs 3 and 4). 


DISCUSSION 


The participation of in vivo proteolysis in the pathogenesis 
of some forms of inherited vWF has been suggested by two 
recent studies. Gralnick and coworkers’ provided evidence 
that Type HA vWF was more susceptible to proteolysis than 
normal vWF. They, as well as Batlle and colleagues,’ showed 
that in vitro loss of intermediate-sized multimers could be 
prevented in some patients by including NEM, leupeptin, 





Fig 3. Reduced immunoisolated vWF 
following SDS-5% PAGE and immunoblot- 
ting. The 176 and 140 kDa bands were 
relatively increased in patients 1-3 as com- 
pared to the 225 kDa intact subunit. This 
visual impression was confirmed by Y- 
scintillation counting (Fig 4). There were no 
apparent significant increases of these 
bands in patient 4. No change in the 189 
kDa band could be discerned in any 
patient. 
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Fig 4. Relative proportion of counts in each of the bands 
shown in Fig 3 as determined by excising each band from nitrocel- 
lulose and measuring y-scintillation counts. The means and ranges 
were from four separate immunoisolations, gels, and immunoblots 
for each patient. The normal mean was determined by performing 
the same analysis on samples from 29 different normal subjects. 
The 176 and 140 kDa bands were increased and the intact 225 kDa 
subunit decreased proportionately in patients 1—3. In patient 4 
there was no increase, although the 176 kDa was at the upper limit 
of normal. No significant change was observed in the 189 kDa band 


in any patient. 
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and EDTA in the anticoagulant into which blood was 
collected. In unpublished studies, we have shown that in vitro 
generation of vWF fragments can also be suppressed by these 
inhibitors. Evidence for increased in vivo proteolysis of HA 
and IIB v WF derived from studies of Zimmerman et al, who 
showed increased proportions of the 176 and 140 kDa 
fragments relative to the intact 225 kDa subunit in these two 
disorders.’ On the other hand, little or no proteolysis of the 
225 kDa subunit could be demonstrated in Types HC, HD, 
and HE vWD? 

Types HA and HB vWD have in common with the three 
essential thrombocytosis patients a similar alteration in the 
relative proportion of bands that comprise each multimer. In 
both the inherited vWD subtypes, as well as in the acquired 
form exhibited by these three patients, there was a relative 
increase in the fastest moving band in each multimer. This 
was associated in each case with evidence of increased 
proteolytic cleavage of vWF, as evidenced by increased 
proportions of the 176 and 140 kDa species. In contrast to 
Types HA and IIB, there was no decrease in the relative 
quantity of the 189 kDa polypeptide. 

Patient 4 differed from the others in that she had polycy- 
themia rubra vera and did not show evidence of increased 
proteolysis of the vWF subunit, even though large multimers 
were absent from plasma. She also did not show the alter- 
ation in relative concentration of bands comprising each 
multimer. It is possible that the technique used for demon- 
strating increased proteolysis was not sufficiently sensitive to 
detect an abnormality in this case. Alternatively, the VWF 
abnormality in this patient may have a different basis from 
that of patients |, 2, and 3. 

The source and nature of the enzyme(s) responsible for 
vWF proteolysis in patients ], 2, and 3 is unknown at present. 
Kunicki and coworkers have shown that the platelet calcium- 
activated protease can cleave vWF with resultant loss of 
large multimers.* Although each of the patients studied 
above had markedly elevated platelet counts initially, correc- 
tion of the platelet count in patient | after treatment with 
CCNU was associated with only a partial diminution of the 
proteolytic and multimeric abnormalities. In addition, incu- 
bation of the vWF present in platelet-rich plasma produced 
no increase in proteolysis compared to acellular plasma. 
Moreover, the white blood count was also elevated in each of 
these patients and leukocytes are known to be the source of a 
number of enzymes with the potential of cleaving vWF.” 

In summary, absence of large vWF multimers and alter- 
ation in the relative concentration of the bands comprising 
the multimers can be an acquired abnormality that may 
accompany the myeloproliferative syndrome. Proteolysis 
appears to contribute to this structural abnormality, 
although other causes may be operative. 
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Mechanism of Protein C- Dependent Clot Lysis: Role of 
Plasminogen Activator Inhibitor 


By Yoichi Sakata, David J. Loskutoff, Candece L. Gladson, Carla M. Hekman, and John H. Griffin 


The mechanism by which activated protein C stimulates 
fibrinolysis was studied in a simple radiolabeled clot lysis 
assay system containing purified tissue-type plasminogen 
activator, bovine endothelial plasminogen activator inhibi- 
tor (PAI), plasminogen, "5I-fibrinogen and thrombin. Fibri- 
nolysis was greatly enhanced by the addition of purified 
bovine activated protein C; however, in the absence of PAI, 
activated protein C did not stimulate clot lysis, thus impli- 
cating this inhibitor in the mechanism. In clot lysis assay 
Systems containing washed human platelets as a source of 
PAI, bovine-activated protein C-dependent fibrinolysis was 
associated with a marked decrease in PAI activity as 
detected using reverse fibrin autography. Bovine-activated 
protein C also decreased PAI activity of whole blood and of 


p C (PC) is a plasma protease zymogen that can 
exhibit both anticoagulant and profibrinolytic activi- 
ties." Since an inherited deficiency of PC is associated with 
venous thromboembolic disease,”® PC functions physiologi- 
cally as a major antithrombotic factor. This antithrombotic 
activity may derive from either its anticoagulant action or its 
profibrinolytic activity, or from both properties. The mecha- 
nism of action of activated PC (APC) as an anticoagulant in 
plasma involves the proteolytic inactivation of Factors V and 
VIHL*? Less clear is the mechanism of action of APC in 
stimulating fibrinolysis. Infusion of bovine APC into dogs 
elevated circulating lysine-adsorbable plasminogen activator 
(PA). Comp and Esmon suggested that APC interacts with 
whole blood to generate a messenger that stimulates the 
release of PA from the endothelium.’ APC added to blood in 
vitro enhanced clot lysis assays by unspecified mechanisms 
that were suggested to require the participation of blood 
cells.!""? Our laboratories have been studying the functional 
activities of PC* and of components of the fibrinolytic 
system.'^'* Since fibrinolytic activity measurements are 
based on the balance between PAs and plasminogen activa- 
tor inhibitors (PAIs), enhanced fibrinolysis may result from 
PAI decreases as well as PA increases. Bovine endothelial 
cells, human platelets," and human serum" contain a 
potent PAI and the bovine endothelial PAI has been puri- 
fied.'* The present study was undertaken to determine the 
potential influence of APC on PAI in clot lysis assays. The 
results demonstrate that bovine APC neutralizes PAI activi- 
ty, and in the process, stable APC-PAI complexes are 
formed. These interactions may explain the profibrinolytic 
activity of APC in several types of blood clot lysis assays. 
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serum. In contrast to the bovine molecule, human- 
activated protein C was much less profibrinolytic in these 
clot lysis assay systems and much less potent in causing 
the neutralization of PAI. This species specificity of acti- 
vated protein C in clot lysis assays reflect the known in vivo 
profibrinolytic species specificity. When purified bovine- 
activated protein C was mixed with purified PAI, complex 
formation was demonstrated using immunoblotting tech- 
niques after polyacrylamide gel electrophoresis in the 
presence of sodium dodecyl sulfate. These observations 
suggest that a major mechanism for bovine protein C- 
dependent fibrinolysis in in vitro clot lysis assays involves a 
direct neutralization of PAI by activated protein C. 

® 1986 by Grune & Stratton, inc. 


MATERIALS AND METHODS 


Reagents. All chemicals were the best analytic grade commer- 
cially available. Tissue culture materials were purchased from the 
following sources: Plasticware from Corning (Corning, NY); media 
from Flow Laboratories (McLean, VA); calf serum, trypsin, penicil- 
lin, and streptomycin from GIBCO (Grand Island, NY). Materials 
were obtained as follows: Proplex* from Hyland Therapeutics; 
hirudin (grade IV), bovine serum albumin (essentially fatty acid 
free), Triton X-100, Concanvalin A-Sepharose, and chloramine-T 
from Sigma (St. Louis, MO); Bio-Rex 70 from Bio-Rad Laborato- 
ries (Richmond, Calif); LPG-agarose from Miles Laboratories 
(Naperville, IL); Blue-Sepharose CL-6B, Sepharose CL-2B, and 
DEAE Sephadex A50 from Pharmacia Fine Chemicals (Piscata- 
way, NJ); and S2366 (pyro-Glu-Pro-Arg-paranitroanilide) from 
Kabi (Stockholm). 

Preparation of whole biood and serum. Blood was collected 
from antecubital veins of normal subiects into polypropylene tubes 
containing 0.1 vol of 3.875 sodium citrate. Serum was obtained by 
adding thrombin (final concentration 0.5 U/mL) and CaCl, (final 
concentration 15 mmol/L) to blood for ten minutes at 37°C. After 
ten minutes, hirudin (final concentration 100 U/mL) was added to 
the mixture and clots were removed by centrifugation at 2000 g for 
20 minutes. 

Preparation of gel-filtered platelets and platelet releasates. 
Blood was obtained from normal subjects and mixed with 1/6 
volume acid citrate dextrose. Citrated blood was centrifuged at 
160 x g to obtain platelet-rich plasma that was collected and 
centrifuged at 660 x g. The platelet pellet was carefully resuspended 
in calcium-free HEPES-Tyrode's buffer, pH 6.5, and then passed 
over a Sepharose CL-2B column that had been equilibrated with 
calcium-free HEPES-Tyrode's buffer, pH 7.3." Platelets were 
counted with a Coulter counter (Coulter Electronics, Inc, Hialeah, 
Fla). To prepare platelet releasate, gei-filtered platelets were diluted 
with 0.1 mol/L Tris HCl, pH 8, containing 0.01% Tween 80 to a 
final concentration of 5 x 10° platelets/mL, and then the platelets 
were incubated with thrombin (final concentration 0.5 U/mL) for 
ten minutes at 37 °C. Then hirudin was added (final concentration 
10 U/mL) and the samples were centrifuged at 1,800 x g for 30 
minutes at 4 °C to remove the platelets and obtain platelet releas- 
ates. 

Proteins. Bovine PC was purified from bovine plasma by using 
barium citrate adsorption, ammonium sulfate precipitation, DEAE- 
Sephadex,’ and Blue-Sepharose CL-6B chromatography. Human 
PC was purified from Proplex* as described elsewhere. The PC and 
APC appeared >95% homogeneous on 9% polyacrylamide gels in 
the presence of sodium dodecyl sulfate. 
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APC was prepared by activation of PC with a-thrombin at an 
enzyme-to-substrate weight ratio of 1:5. Activation was monitored 
as the appearance of amidolytic activity toward the chromogenic 
substrate $2366. Activity was measured using a Cary 210 Spectro- 
photometer as the initial AAggs/min at 37°C. Thrombin was 
removed from APC by chromatography on a column of Bio-Rex 70. 
Human APC (hAPC) was also tested for its anticoagulant activity 
toward human plasma in an activated partial thromboplastin time 
assay. Plasminogen was purified by affinity chromatography on 
lysine-Sepharose.” Fibrinogen, human fraction l-4 prepared accord- 
ing to the method of Blomback and Blomback.! was used as the 
fibrinogen after removing contaminating plasminogen using lysine- 
Sepharose. Human urokinase (World Health Organization Ist 
International Reference Preparation) was purchased from the 
National Institute for Biological Standards and Control, London. 

PAI was purified from 24-hour CM collected from bovine aortic 
endothelial cells (BAEs)? using Concanavalin A-Sepharose and 
preparative SDS-polyacrylamide gel electrophoresis (PAGE) as 
described elsewhere.^ PAI used for immunoblotting studies was 
purified without exposure to SDS and was exposed to guanidine HCI 
to generate active PAI (Hekman and Loskutoff, unpublished). 
Human t-PA was purified from cultured human melanoma cells 
grown in the presence of Trasylol (Calbiochem-Behring, La Jolla, 
CA) according to the method of Rijken and Collen.” It had a 
specific activity of 100,000 U/mg of protein, determined by using 
the urokinase reference standard, and consisted primarily of the 
single chain molecule. 

Radioiodination. Purified fibrinogen and goat antirabbit IgG 
were radioiodinated using the chloramine- T method.” The labelled 
fibrinogen preparation had a specific activity of ~182 wCi/mg and 
was greater than 94% clottable. 

Measurement of plasmin-induced clot lysis. 3.7 mL of fibrino- 
gen (fraction l-4, 10 mg/mL) was mixed with 120 ug of radiolabeled 
fibrinogen. 250 uL of this mixture was mixed with 20 uL of a 
solution containing plasminogen (10 mg/mL) and hAPC or bovine 
APC (bAPC) (final concentration 3.4 ug/mL). Various amounts of 
t-PA and various amounts of purified PAI and/or gel-filtered 
platelets (final concentration 5 x 10°/mL) were added to this 
mixture. Final volume was adjusted by adding 0.1 mol/L Tris-HCl, 
pH 8.1, containing Tween 80 (final concentration 0.01%) and bovine 
albumin (final concentration | mg/mL) to 1 mL. The mixture was 
clotted with a-thrombin (final concentration 0.5 U/mL) and CaCl, 
(final concentration 2.5 mmol/L. The mixture was allowed to clot at 
37 *C for ten minutes, and then the clot was freed from the wall of 
the tube by rimming the clot with a bamboo stick. To measure 
fibrinolysis, 50 uL aliquots of serum were removed from around the 
clot at intervals for counting the soluble radioactivity. Results were 
expressed as the percent release of total radioactivity, which was 
calculated from the observed radioactivity, applying a correction for 
the influence of repeated subsampling upon the volume of the 
supernatant. Visible clot lysis was also monitored. 

SDS-PAGE. SDS-PAGE on slab gels was carried out using 
resolving gels of 9% acrylamide and stacking gels of 4% acrylamide 
according to Laemmli.” 

Reverse fibrin autography. — Fibrin-agar indicator gels were pre- 
pared and reverse fibrin autography assays were performed as 
previously described.” ™ The opaque white lysis-resistant zones in 
the indicator gel result from the presence of inhibitors in the SDS 
polyacrylamide slab gel.” 

Western blotting. Reaction mixtures of purified bovine APC 
and bovine PAI were analyzed by Western blotting using rabbit 
antiserum against purified APC and PAI. 10 uL of 260 nmol/L PAI 
in PBS was added to 5 uL of 280 nmol/L APC in 0.05 mol/L Tris, 
0.1 mol/L NaCl, 0.1% Triton X-100, 0.1% BSA, pH 7.4, and then 
incubated at 37 °C for 20 minutes. As controls, identical samples of 
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PAI and APC alone were incubated for 20 minutes at 37 °C. After 
fractionation by SDS-PAGE, proteins in the gels were electrophoret- 
ically transferred (50 v, 1.5 hours) to nitrocellulose essentially as 
described” using an electroblot apparatus (Hoffer Scientific Instru- 
ments, San Francisco). The transfer buffer consisted of 50 mmol/L. 
Tris-HCl, 95 mmol/L glycine, 20% methanol, and 0.1% SDS, pH 
8.3. At the end of the transfer period, the nitrocellulose sheets were 
blocked by incubating them in 5% (w/v) nonfat dry milk solution 
containing 0.01 mol/L sodium phosphate, pH 7.4, 0.15 mol/L NaCl, 
l umol/L thimerosal, 1 umol/L para-amidinophenylmethylsulfonyl- 
floride, 0.02% NaN, (blocking buffer). The nitrocellulose mem- 
branes were then incubated for four hours at 22°C in rabbit 
antibovine PAI serum diluted 1:500 or rabbit antibovine PC antise- 
rum diluted 1:4000. After washing three times with blocking buffer, 
the sheets were incubated for 1.5 hours with '""Llabeled goat 
antirabbit IgG (Cappel Laboratories, Cochranville, PA}, washed 
extensively, and subjected to autoradiography using Kodak X-Omat 
film. 


RESULTS 


The ability of purified bovine APC to stimulate fibrinoly- 
sis in a simple clot lysis assay system composed of purified 
t-PA, PAI, 'PI-fibrinogen, plasminogen, and thrombin was 
studied. The profibrinolytic activity of APC in the presence 
of PAI was easily seen during the time course of clot lysis of 
such mixtures (Fig 1). For example, the presence of PAI at 
10 ng/mL retarded clot lysis in the absence of APC. How- 
ever, in the presence of bovine APC, this inhibition of clot 
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Fig 1. Effect of bovine APC on clot lysis assays containing 


purified t-PA, PAL and APC. Purified PAI, whenever indicated, was 
added to a mixture containing ‘*I-fibrinogen and plasminogen. 
t-PA (0.05 ng/mL) was added to the mixture simultaneously with 
or without 3.4 ug/mL APC. immediately after adding t-PA and 
APC, samples were clotted with thrombin and CaCl,. Clot lysis is 
indicated as "51 % release. PAI was present at 0 (0, €), 10 ng/mL 
(^. A), or 20 ng/mL (C3, B). The presence of APC is indicated by 
solid symbols, the absence by open symbols. 
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lysis by PAI was greatly reduced. suggesting that APC 
neutralized the effect of PAL. Consistent with this suggestion 
was the observation that APC was not profibrinolytic in the 
absence of PAI (Fig 1, open v solid circles). In control studies 
(data not shown), bovine APC alone had no effect on the 
functional activity of t-PA, plasminogen, or '**I-fibrinogen, 
or on the apparent M, of these molecules during SDS-PAGE. 
Hence, based on clot lysis assays composed of only purified 
proteins, the data in Fig | suggest that bovine APC directly 
neutralized the bovine endothelial PAL 

Human platelets contain a PAI that is immunologically 
related to the purified bovine PAT and that is released from 
platelets by thrombin.” The ability of purified bovine and 
human APC to promote fibrinolysis and to neutralize plate- 
let PAI in clots containing washed human platelets, t-PA, 
"Lfbrinogen, thrombin, and APC was studied (Fig 2). 
Bovine APC enhanced clot lysis in such mixtures as mea- 
sured by the release of soluble '“I-fibrin degradation prod- 
ucts or visualized as clot disappearance (Fig 2). The profibri- 
nolytic activity of human APC in these clot lysis assays was 
weak compared to bovine APC but reproducible. Human 
APC caused fragmentation of the clot under conditions 
where the control remained a single solid clot, but the rate of 
release of soluble '“I-fragments was not enhanced in this 
experiment. Thus, bovine APC appeared much more potent 
than human APC under these assay conditions. 
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Fig 2. Effect of APC on clot lysis assays containing washed 


human platelets. Gel-filtered platelets (final concentration 5 x 10* 
platelets/mL) were added to a reaction mixture containing "^I 
fibrinogen and plasminogen. Then 0.2 ng/mL of t-PA (dashed line) 
or 1 ng/mL of t-PA (solid lines) was added as well as no APC (ej, 
3.4 ng/mL of human APC (A), or 3.4 pg/mL of bovine APC (lb. 
Then samples were immediately clotted with thrombin and CaCi,. 
Clot lysis is reported as ‘I % release, Inset, photos of reaction 
mixtures in test tubes after six hours incubation of the samples 
containing 1 ng/mL t-PA are shown for no APC {A}, human APC 
(B), or bovine APC (C). 
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The ability of human and bovine APC to neutralize PAI * 
activity released from human platelets was determined. 
Changes in PAI were monitored using reverse fibrin autogra- 
phy. a technique that allows direct visualization of PAI 
activity (Fig 3). When bovine APC was added to platelet 
releasate, PAI activity was decreased in a dose-dependent 
manner to levels that were less than 20% of untreated 
controls. The effect of human APC was less pronounced than 
that of bovine APC but it was significantly and reproducibly 
different from controls. The ability of APC to reduce the 
PAT activity of human whole blood and serum was also 
studied using reverse fibrin autography (Fig 4). Bovine APC 
abolished the detectable PAI activity of whole blood or 
serum (Fig 4), whereas human APC at similar concentra- 
tions had a rather weak effect under the conditions employed 
(Fig 4 and data not shown). In control studies, it was verified 
that the human APC used in these studies was fully active in 
anticoagulant and amidolytic assays. Thus, bovine APC was 
much more potent than human APC in the neutralization of 
human platelet PAT. 

Since aforementioned results demonstrate that APC inac- 
tivates PAI, immunoblotting experiments were designed to 
see if inactivation of PAT by APC was associated with the 
formation of stable APC-PAI complexes. When purified 
PAI and purified bovine APC were mixed together and 
subjected to immunoblotting analyses, two new bands at 
approximately 93,000 and 100,000 apparent Mr were seen 
on immunoblots using anti-PAT antibodies (Fig 5, lane 3) 
and anti-PC antibodies (Fig 5, lane 4). These Mr values 
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Fig 3. Effect of APC on the PAI activity derived from washed 
stimulated human platelets. Human or bovine APC was added to 
platelet reieasate obtained as described in the Methods, and the 
mixtures were incubated for 30 mintues at 37°C. After this 
incubation, 50 ul of the samples were subjected to SDS-PAGE and 
analyzed using reverse fibrin autography to visualize PAI activity. 
Lane A, control, platelet releasate without APC; Lane B, platelet 
releasate plus human APC (3.4 4g/mL); Lane C, platelet releasate 
plus bovine APC (0.85 ug/ml): Lane D, platelet releasate plus 
bovine APC (3.4 ug/ml). 
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Fig 4. Effect of APC on the PAI activity of whole blood and of serum derived from whole blood. Human or bovine APC (final 
concentration 3.4 ug/mL) was added to citrated whole blood and the mixture was clotted with thrombin (final concentration 0.5 U/mL) 
and CaCl, (final concentration 15 mmol/L) and then incubated at 37 'C for 15 minutes. Then hirudin (final concentration 100 U/mL) was 
added to the mixture and the samples were centrifuged at 1900 x g for 15 minutes at 4 C to obtain serum. 35 uL of these samples were 
subjected to SDS-PAGE and analyzed using reverse fibrin autography to visualize PAI activity. Similarly, human or bovine APC (final 
concentration 3.4 ug/mL) was added to serum that had been made from citrated whole blood as described in Methods. Samples were 
incubated for 15 minutes at 37 °C and 35 uL of these samples were fractionated by SDS-PAGE and analyzed using reverse fibrin 
autography. Lane A, Whole blood control without added APC; Lane B, whole blood plus human APC; Lane C, whole blood plus bovine APC 
Lane D, serum control without added APC; Lane E, serum plus human APC; Lane F, serum plus bovine APC 


correspond approximately to the addition of monomeric PAI PAI and APC. The presence of these two different PA T-A PX 
(~44,000 apparent Mr in lane |. Fig 5) and APC (~53,000 complexes may represent the presence of several fi 
apparent Mr in Fig 5). Control studies showed that the band APC (lane 5, Fig 5) 


at 83,000 apparent Mr in lane 2, Fig 5, seen for PAI alone 


; SCUSSIC 
and incubated 20 minutes is due to a time-dependent dimeri- DISCUSSION 


zation of PAI since PAI exhibited one band (lane 1, Fig 5) The addition of APC to clot lysis assay mixtures contair 
without incubation. The band at 93,000 apparent Mr was ing whole blood or platelet-rich plasma was shown previousl 
detected equally well by anti-PAI and anti-PC antibodies, to enhance clot lysis. The results presented in this report 
whereas the band at 100,000 apparent Mr was more sensitive lead to the hypothesis that bovine APC stimulate itr 
to anti-PC antibodies than to anti-PAI antibodies. The clot lysis in these systems by neutralizing the PAI present 
comigration of PAI and APC antigenic determinants at clots containing whole blood, serum, platelet-rich plasma, or 
93,000 and 100,000 Mr appears to represent complexes of washed platelets. This hypothesis is based on the findings 


Anti-PAI Anti-PC 
i a — 


100,000— a PALAP 
93,000- Pein 
83,000— 2 e 3 -— Complex 


Fig 5. Immunoblotting studies of APC-PAI 
complexes. Lanes 1, 2, and 3 were developed with 
anti-PAl antiserum and lanes 4 and 5 were devel 
oped with anti-PC. Lanes 1 and 2 contained PAI 
alone incubated for O minutes (lane 1) or 20 
minutes (lane 2) at 37 'C. Lanes 3 and 4 each 
contained a mixture of PAI and APC that had been 1 2 3 4 5 
allowed to react for 20 minutes at 37 C. Lane 5 — —M— 
contained APC alone incubated for 20 minutes at 
37'C PAI PAI « APC APC 
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that APC is not profibrinolytic in the absence of PAI (Fig 1) 
and that PAI activity is decreased in a dose-dependent 
manner by bovine APC in clot lysis reaction mixtures. For 
example, bovine APC enhances clot lysis in the presence of 
platelets (Fig 2), a potent source of PAL" This PAI is 
released from platelets by physiological concentrations of 
thrombin and is immunologically related to the bovine 
endothelial PATI Moreover, the addition of bovine APC to 
other samples containing PAI, such as to blood serum (Fig 
4), or to conditioned media or extracts derived from endothe- 
lial cells, results in a rapid, dose-dependent loss of PAI 
activity as revealed by reverse fibrin autography. Since 
complexes between PAI and PA, once formed, are resistant 
to dissociation by APC (unpublished data), it appears that 
APC acts only to prevent the initial interaction of PAI with 
PA. Taken together, the available observations strongly 
suggest that APC neutralizes PAI and, in so doing, allows 
t-PA to activate plasminogen and initiate clot lysis. 

Since APC neutralizes PAI and since the former molecule 
is a protease and the latter is a protease inhibitor, we 
predicted that the two molecules might form an enzyme- 
inhibitor complex. Studies using immunoblotting techniques 
and purified bovine APC and PAI directly demonstrate the 
formation of bovine APC-PAI complexes of approximately 
93,000 and 100,000 apparent Mr (Fig 5). Further studies 
will be needed to describe in detail the molecular mecha- 
nisms involved in complex formation. 

The species specificity of the anticoagulant activity of 
APC is quite remarkable,**’ and as seen here the profibrino- 
lytic activity of human APC is much less than that of bovine 
APC in clot lysis assays. In this regard, human APC infused 
into spider monkeys does not elevate PA levels," whereas 
elevation of fibrinolytic activity is observed when bovine 
APC is infused into dogs.°® Possible decreases of PAI 
during in vivo infusion of APC have been studied or 
reported,***?? so it is not yet clear what effect bovine or 
human APC may exert in vivo in different species on the 
levels of PAIs. In addition, it is not known how efficiently 
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human or bovine APC is neutralized in vitro or in vivo by the 
bovine, human, or monkey plasma inhibitor of APC 
described by Suzuki et al* for human plasma. 

The profibrinolytic activity of bovine APC has been 
described in three different assays systems: in vivo canine 
infusions of APC,** in vitro blood and plasma clot lysis 
mixtures containing APC,''?* and the addition of APC to 
cultured bovine endothelial cells or to conditioned media 
from such cells.7?9?^ A quantitative comparison of the 
profibrinolytic activity of bovine APC in the three positive 
assays systems has not been made, but it was suggested that 
the activity observed for in vivo canine infusions could not be 
accounted for by what Comp and Esmon considered the 
weaker activity seen when bovine APC was added in vitro to 
canine blood.? The in vivo infusion studies of bovine APC 
showed an apparent increase of lysine-adsorbable PA activi- 
tyf and the cultured endothelial cell studies showed both an 
apparent increase of each of the different observable forms of 
PA on fibrin autography gels and a decrease of PAT 7775999 
The in vitro clot lysis assays described here using blood, 
platelet-rich plasma, washed platelets, or only purified assay 
components here showed a decrease of PAI (Figs 3 and 4). 
Thus, we currently hypothesize that the major mechanism of 
profibrinolytic activity of bovine APC involves the direct 
neutralization of PAI in in vitro blood clot lysis assays. A 
similar direct effect has also been demonstrated in cultured 
endothelial cells.*9 The profibrinolytic activity of APC 
observed with in vivo canine infusions may involve either the 
direct neutralization of PAI by APC or an increase in the 
release of tissue PA from endothelial cells, or both of these 
effects. 
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Expression of Fibrinogen Receptors During Activation and Subsequent 
Desensitization of Human Platelets by Epinephrine 


By Sanford J. Shattil, Harvey J. Motulsky, Paul A. Insel, Lawrence Flaherty, and Lawrence F. Brass 


Epinephrine causes platelet aggregation and secretion by 
interacting with a-adrenergic receptors on the platelet 
surface. Platelet aggregation requires the binding of fibrin- 
ogen to a specific receptor on the membrane glycoprotein 
lib-Hla complex. Although the Ilb-illa complex is identifiable 
on the surface of resting platelets, the fibrinogen receptor 
is expressed only after platelet activation. The current 
studies were designed to examine the effect of Occupancy 
of platelet a,-adrenergic receptors by epinephrine on the 
expression of fibrinogen receptors and on the aggregation 
of platelets. The ability of epinephrine to induce the 
expression of fibrinogen receptors was studied under two 
different conditions: acute stimulation (—1 min) and pro- 
longed stimulation (50 to 90 min), the latter of which is 
associated with a reduction or ''desensitization" of the 
platelet aggregation response. Expression of the fibrinogen 
receptor was monitored with "5I-fibrinogen as well as with 
"*I-PAC-1 (PAC-1), a monoclonal antibody that binds to the 
glycoprotein llb-Illa complex only after platelets are acti- 
vated. Epinephrine caused an immediate increase in PAC-1 
and fibrinogen binding that was dependent on occupancy of 
the a,-receptor by epinephrine and on the presence of 
extracellular free Ca (Kc, = 30 umol/L). By itself, 1 mmol/L 


LATELETS NORMALLY circulate in a “nonacti- 

vated" state during which they fail to interact with 
each other or with the vessel wall. Platelet aggregation 
occurs as the result of several specific interactions between 
the platelet surface membrane and substances in plasma. 
The first of these is the binding of an agonist, such as 
epinephrine, adenosine diphosphate (ADP), or thrombin, to 
discrete receptors on the platelet surface.’ This interaction in 
turn triggers intracellular events that ultimately lead to the 
exposure of fibrinogen receptors located on the platelet 
membrane glycoprotein Hb-IH1a complex.?* The intracellu- 
lar events involved in this process are poorly understood. 
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Mg was unable to support induction of the fibrinogen 
receptor by epinephrine. However, it did decrease the Ca 
requirement by about two orders of magnitude. Prolonged 
Stimulation of unstirred platelets by epinephrine led to a 
70% decrease in the aggregation response when the plate- 
lets were subsequently stirred. Despite their decreased 
aggregation response, desensitized platelets bound PAC-1 
and fibrinogen normally, indicating that the loss of aggre- 
gation was not due simply to a decrease in fibrinogen 
receptor expression. Although desensitization was not 
affected by pretreatment of the platelets with aspirin, it 
was partially prevented when extracellular Ca was che- 
lated by EDTA during the long incubation with epinephrine. 
These studies demonstrate that once platelet a ,-adrener- 
gic receptors are occupied by epinephrine, extracellular Ca 
is involved in initiating the aggregation response by sup- 
porting the induction of the fibrinogen receptor and the 
binding of fibrinogen. Furthermore, Ca-dependent reac- 
tions subsequent to fibrinogen binding may be necessary 
for maximal platelet aggregation and are impaired when 
platelets become desensitized to epinephrine. 

o 1986 by Grune & Stratton, Inc. 


However, it appears that exposure of platelet fibrinogen 
receptors is followed almost immediately by the binding of 
fibrinogen to the platelet surface and by platelet aggregation. 
Extracellular Ca is known to be a necessary cofactor for 
these processes.'^ Studies with monoclonal antibodies spe- 
cific for the IIb-IlIa complex indicate there are approxi- 
mately 45,000 copies of the Hb-Ila complex per platelet.” 
Since the number of fibrinogen receptors is similar, it 
appears that one fibrinogen molecule binds to each IIb-Illa 
complex. 

In pharmacologic terms, the interaction of epinephrine 
with human platelets has been well studied. Each platelet 
contains about 300 specific binding sites for epinephrine. 
These receptors have been partially purified and character- 
ized as belonging to the a-adrenergic subclass." In the 
presence of extracellular Ca, epinephrine can stimulate 
fibrinogen binding and platelet aggregation without neces- 
sarily causing platelet secretion." However, as is the case 
with other so-called “weak agonists," platelet secretion in 
response to epinephrine takes place only after initial aggre- 
gation. In addition to aggregation, epinephrine stimulates 
the interaction of the a--receptor with G, a heterotrimeric 
guanine nucleotide binding protein that inhibits adenylate 
cyclase, leading to a decrease in the elevated cAMP levels of 
platelets exposed to forskolin or PGEI. One curious effect 
of prolonged occupancy of the a-receptor with epinephrine 
is a time-dependent decrease or "desensitization" of subse- 
quent aggregation responses to epinephrine.!*!5 Desensitiza- 
tion is observed when unstirred platelets are incubated for at 
least several minutes with epinephrine before being stirred to 
initiate the aggregation response. Recently, we showed that 
desensitization is not due to an abnormality in either the 
number or affinity of a-receptors on the platelet surface.” 
In that study, we also found that desensitization is not 
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accompanied by an uncoupling of those receptors from 
adenylate cyclase. 

The purpose of the present study was to examine the 
desensitization phenomenon in greater detail in order to 
clarify the relationships between occupancy of platelet œz- 
receptors by epinephrine and several responses to receptor 
occupancy: Fibrinogen receptor induction, fibrinogen bind- 
ing, and platelet aggregation. We focused particular atten- 
tion on the role of extracellular Ca because this divalent 
cation is required for fibrinogen binding and for all subse- 
quent functional responses of the platelet to epinephrine. 
PSI. Fibrinogen was used to quantitate fibrinogen binding to 
platelets, and a radiolabeled monoclonal antibody, PAC-1, 
was used to monitor induction of the platelet fibrinogen 
receptor. This antibody has been shown to bind to IIb-IIIa on 
intact platelets at or near the platelet fibrinogen receptor, but 
only after the platelets have been activated.'® These studies 
will demonstrate that (1) extracellular Ca is a cofactor for 
epinephrine-induced platelet aggregation largely because it 
is required for fibrinogen receptor expression; and (2) desen- 
sitization of the aggregation response to epinephrine is not 
explained by an impairment of either fibrinogen receptor 
expression or fibrinogen binding. 


MATERIALS AND METHODS 


Preparation of platelets. Blood was obtained from healthy 
donors and anticoagulated with either 1/10 vol of 0.13 mol/L 
sodium citrate for studies in plasma or with 1/6 vol of ACD (65 
mmol/L citric acid; 56 mmol/L sodium citrate; 104 mmol/L 
dextrose) for studies with gel-filtered platelets. Platelet-rich plasma 
was obtained by differential centrifugation, and where indicated, 
incubated for 20 minutes at 22 °C with 1 mmol/L aspirin to inhibit 
platelet cyclooxygenase." To obtain gel-filtered platelets, 1 umol/L 
PGE, (Sigma, St Louis) was added to the platelet-rich plasma and 
the platelets were passed over a column of Sepharose 2B (Pharmacia 
Fine Chemicals) using an elution buffer containing 137 mmol/L 
NaCl, 2.7 mmol/L KCl, 1 mmol/L MgCl, 5.6 mmol/L glucose, 1 
mg/mL bovine serum albumin, 3.3 mmol/L NaH;PO,, and 20 
mmol/L HEPES, pH 7.4. This buffer contains approximately 10 
umol/L free Ca. 

Platelet aggregation studies. As indicated in the text and the 
figure legends, unstirred platelet-rich plasma or gel-filtered platelets 
were preincubated at 22 °C under a variety of conditions for up to 90 
minutes. Aggregation was then initiated at 37 °C in an aggregom- 
eter (Chronolog Corp, Broomall, PA) by adding a stir bar to the 
aggregation cuvette and stirring at 1,000 rpm. The aggregation of 
gel-filtered platelets required the addition of 100 ug/mL fibrinogen 
(Kabi, Stockholm). Aggregation was monitored as a change in light 
transmittance and is presented either as the initial rate or as the 
percent change in light transmittance three minutes after adding the 
stir bar." 

Binding of '*I-PAC-1 and '*I-fibrinogen to platelets. The 
murine monoclonal antibody, PAC-1, and human fibrinogen (Kabi) 
were purified and radiolabeled with "5I, and binding studies were 
carried out as described previously.*!* Briefly, gel-filtered platelets 
were suspended at 10*/mL and incubated at 22 °C without stirring 
for up to 90 minutes with epinephrine. Then 'PI-PAC-I (1 to 95 
` pg/mL) or ""I-fibrinogen (10 to 1800 pg/mL) were added to 
0.5-mL aliquots of the platelet suspension and incubated an addi- 
tional 15 minutes at 22°C. Platelet-bound PAC-1 was then sepa- 
rated from unbound antibody by filtration on 0.45-um nitrocelluose 
filters. Platelet-bound '*I-fibrinogen was separated from unbound 
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fibrinogen by centrifugation of the platelets through 0.5 mL silicone 
oil in a microcentrifuge. Platelets on the dried filters or in the cell 
pellet were counted for '*I in a gamma counter. Nonspecific binding 
of either ligand was defined as binding in the presence of 10 mmol/L 
EDTA.’ In the case of PAC-1, this represented binding to the filters 
themselves and accounted for <5% of total binding. In the case of 
fibrinogen, nonspecific binding was a linear function of platelet 
count and represented unbound fibrinogen trapped in the extracellu- 
lar volume of the platelet pellet. Binding data are presented as 
specific binding, defined at single-ligand concentrations as total 
binding minus nonspecific binding. In experiments in which a range 
of ligand concentrations were studied, specific binding, maximal 
binding, and binding constants for PAC-1 and fibrinogen were 
computed by nonlinear regression analysis using an equation 
describing reversible binding to a single class of binding sites.'* 

Unless specified otherwise, the binding studies were conducted in 
the standard gel-filtration buffer containing 10 pmol/L free Ca and 
1 mmol/L MgCl,. However, in some studies, the free Ca concentra- 
tion in the gel filtration buffer was varied from 107? to 10-* mol/L 
by the addition of CaCl, and EGTA.” Free Ca concentrations above 
10-7 mol/L were verified with a Ca-selective electrode. In some 
experiments, MgCl, was omitted from the gel-filtration elution 
buffer but added to the platelet suspensions just before the binding 
studies. 


RESULTS 


The use of PAC-I to monitor induction of the fibrinogen 
receptor. As reported previously, both fibrinogen and the 
monoclonal antibody, PAC-1, bind to the ITb-IIIa complex 
on the surface of intact platelets, but only after the platelets 
have been activated by an agonist." *!* Furthermore, PAC-1 
inhibits platelet aggregation, suggesting that its binding site 
on the ITb-IIIa complex is located at or near the binding site 
for fibrinogen.'* As part of the present studies, we examined 
the competition between PAC-1 and fibrinogen for binding 
sites on epinephrine-stimulated platelets. Unlabeled PAC-1 
inhibited the binding of '*I-fibrinogen in a dose-dependent 
manner (Fig 1). Inhibition was half maximal at about 10 
nmol/L PAC-l, a value similar to the apparent Kd for 
PAC-1 binding to platelets (5 nmol/L).'* Conversely, unla- 
beled fibrinogen competitively inhibited the binding of '*I- 
PAC-1 to stimulated platelets (Fig 2). The Ki for fibrinogen 
was 200 nmol/L, similar to the Kd that others have obtained 
for fibrinogen binding to platelets.*? Thus, the binding site 
for PAC-1 on platelets appears to be close to, if not identical 
with, the receptor for fibrinogen. Accordingly, PAC-1 was 
used as a specific probe to monitor induction of the platelet 
fibrinogen receptor by epinephrine, and "I-fibrinogen was 
used to monitor the end result of receptor expression, fibrino- 
gen binding. As previously reported, the maximum number 
of binding sites for PAC-1 on stimulated platelets is, depend- 
ing on the agonist, two- to threefold less than the maximum 
number of binding sites for fibrinogen. Since PAC-1 is an 
IgM, this discordance was attributed to the multivalent 
nature and size of the antibody. This conclusion is supported 
by the observation in the present studies that PAC-1 and 
fibrinogen binding are mutually competitive. 

Effect of extracellular Ca and Mg on epinephrine- 
induced fibrinogen receptor expression and fibrinogen bind- 
ing. Previous studies have demonstrated that extracellular 
Ca and/or Mg in the 0.1 to 1.0-mmol/L range is required for 
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Fig 1. Inhibition of """I-fibrinogen binding by PAC-1. Gel- 


filtered platelets were incubated for one minute with 10 umol/L 
epinephrine, at which time the platelets were added to tubes 
containing 21, 42 or 63 g/mL '""I-fibrinogen and O to 95 ug/mL 
PAC-1. After 15 minutes at 22 °C, platelet-bound fibrinogen was 
separated from unbound fibrinogen and the amount of fibrinogen 
bound to the platelets was determined as described in Materials 
and Methods. This experiment is representative of three so 
performed. 


maximal fibrinogen binding and platelet aggregation." In 
addition, the secretory response of platelets to epinephrine is 
entirely dependent on the presence of extracellular Ca 52? 
Therefore, before investigating the function of the fibrinogen 
receptor during platelet desensitization to epinephrine, we 
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Fig 2. Inhibition of 'I-PAC-1 binding by fibrinogen. Gel- 
filtered platelets were incubated for one minute with 10 umol/L 
epinephrine and then added to tubes containing O to 1800 ug/mL 
fibrinogen and 2.8 ug/mL PAC-1 (squares), 6.3 ug/mL PAC-1 
(circles), or 9.7 ug/mL PAC-1 (triangles). After 15 mintues at 
22 °C, the amount of PAC-1 bound to the platelets was deter- 
mined. In this Dixon plot, the regression lines for the three sets of 
data intersect above the x-axis, and the data are compatible with a 
competitive type of inhibition. This experiment is representative 
of three so performed. 
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examined in detail the divalent cation requirement for epi- 
nephrine-induced fibrinogen receptor expression. Gel- 
filtered platelets were suspended at 22 °C and pH 7.4 in an 
EGTA buffer at free Ca concentrations ranging from 10^? to 
107° mol/L. Although the membrane-bound Iib-IHla com- 
plex is disrupted by exposure to low Ca concentrations at 
37°C and therefore fails to bind fibrinogen, the complex 
remains intact after exposure to low Ca concentrations at 
22°C." The platelets were stimulated for five minutes 
with 10 umol/L epinephrine, then '^I-PAC-1 or "5I-fibrino- 
gen was added, and the amount of antibody or fibrinogen 
bound to the platelets was determined. Both PAC-1 and 
fibrinogen binding were dependent on the presence of extra- 
cellular Ca. PAC-1 binding was half-maximal at 30 nmol/L 
free Ca and maximal at 300 umol/L Ca (Fig 3A). Fibrino- 
gen binding was half-maximal at 100 umol/L and maximal 
at 1 mmol/L Ca. This slight difference between PAC-1 and 
fibrinogen binding was observed consistently. It could not be 
accounted for by contamination of the ligand preparations 
with Ca, since the free Ca concentration of the final incuba- 
tion buffer was not affected by the addition of either ligand. 
In the absence of Ca, magnesium, even at a concentration of 
| mmol/L, failed to support PAC-1 or fibrinogen binding 
(Figs 3B, 3C, and 3D). However, the Ca dose-response 
curves for both ligands were shifted to the left by Mg. At I 
mmol/L Mg, both PAC-1 and fibrinogen binding were 
half-maximal at | umol/L. Ca and maximal at 10 umol/L 
Ca—a decrease in the Ca requirement by approximately two 
orders of magnitude (Fig 3D). Thus, the previously noted 
extracellular Ca requirement for fibrinogen binding appears 
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Fig 3. Effect of Ca and Mg on the binding of PAC-1 and 
fibrinogen to epinephrine-stimulated platelets. Gel-filtered plate- 
lets were suspended at extracellular free Ca ranging from 10 ? to 
10^? mol/L in the presence of (A) no MgCl; (B) 0.01 mmol/L 
MgCl,; (C) 0.1 mmol/L MgCl; or (D) 1 mmol/L MgCl. The platelets 
were then stimulated with 10 pmol/L epinephrine for five minutes 
and the amounts of "5I-PAC-1 (closed circles) and "*.-fibrinogen 
lopen circles) bound to the platelets were determined. The PAC-1 
concentration was 12.5 ug/ mL and the fibrinogen was 85 ug/mL. 
The vertical lines indicate the free CA concentrations at which 
haif-maximal binding was observed. This experiment is represen- 
tative of three so performed. 
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to reflect a Ca requirement for induction of the fibrinogen 
receptor. Mg reduces but does not eliminate the need for Ca. 
Therefore, in the desensitization experiments described 
below, PAC-1 and fibrinogen binding were examined at 
optimal concentrations of extracellular divalent cations, 10 
pmol/L free Ca and 1 mmol/L Mg. 

Fibrinogen binding and platelet aggregation do not occur 
at acid extracellular pH.?&?' This effect of hydrogen ions also 
appears to be at the level of fibrinogen receptor induction 
because the binding of PAC-1 and fibrinogen to epinephrine- 
stimulated platelets was inhibited in parallel at a pH of 6.5 
and below. 

Induction of the fibrinogen receptor on platelets desensi- 
tized to epinephrine. The binding of epinephrine to a, 
adrenergic receptors stimulates platelet aggregation, but 
only if the platelets are stirred. However, after prolonged 
(more than five to ten minutes) incubation of unstirred 
platelets with epinephrine, the aggregation response is 
reduced when the platelets are subsequently stirred." An 
example of this desensitization is shown in Fig 4. In this 
experiment, unstirred platelet-rich plasma was treated with 
1 mmol/L aspirin to inhibit cyclooxygenase and then incu- 
bated at 22 °C with epinephrine for 90 minutes. Afterward, 
the sample was stirred and platelet aggregation measured. 
Compared to the control platelets stimulated with epineph- 
rine at 90 minutes, the platelets that had been preincubated 
with epinephrine exhibited an approximate 70% reduction in 
their aggregation response (Fig 4). On light microscopy, the 
desensitized platelets formed smaller aggregates than control 
platelets. This reduced response could not be attributed to a 
decrease in epinephrine receptor occupancy because (1) we 
have previously shown that receptor binding is not substan- 
tially altered in desensitized platelets," and (2) the addition 
of more epinephrine to the desensitized platelets at 90 
minutes did not increase the aggregation response (Fig 4). 
Desensitization could also not be attributed to some compo- 
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Fig 4. Desensitization of platelets to epinephrine. Aliquots of 
aspirin-treated platelets in plasma were incubated without stirring 
for 90 minutes at 22 *C. At that time, the platelets were added to 
aggregation cuvettes at 37 °C and aggregation was initlated by 
adding a stir bar. The initial rate of aggregation is arbitrarily 
expressed as mm/min of the aggregation trace. Open circles 
represent control platelets to which the epinephrine was added 
after the 90-minute incubation and one minute before stirring; 
closed circles, epinephrine added to the platelets at the very 
beginning of the 90-minute incubation; open triangles, epinephrine 
added at the Indicated concentrations, both at the beginning and 
at the end of the 90-minute incubation. Data represent the mean + 
SEM of three experiments. 
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nent of the platelet release reaction, since it was observed 
both in the presence and absence of aspirin. Furthermore, it 
did not require a component unique to plasma because it was 
observed with gel-filtered platelets as well as with platelets in 
plasma. 

Inasmuch as aggregation requires the binding of fibrino- 
gen to its receptor, we wondered whether desensitized plate- 
lets would exhibit a reduction in the number of fibrinogen 
receptors expressed on their surface. To test this possibility, 
aspirin-treated gel-filtered platelets were pre-incubated with 
10 pmol/L epinephrine for up to 90 minutes, '*I-PAC-1 was 
added, and the amount of antibody bound to the platelets was 
determined. Epinephrine induced an immediate increase in 
PAC-1 binding, and this binding was sustained, even if the 
platelets were incubated with the epinephrine for 90 minutes 
before the addition of the '*I-PAC-1 (Fig 5A). Moreover, 
compared to control platelets stimulated with epinephrine 
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Fig b. ‘™1-PAC-1 binding to epinephrine-stimulated platelets. 
(A) Aspirin-treated gel-filtered platelets were incubated without 
an agonist (closed circles) or with 10 umol/L epinephrine (open 
circles) for the indicated periods of time. Then 18 ug/mL ""- 
PAC-1 was added and the amount of PAC-1 bound to the platelets 
was determined. (B) Platelets were incubated with epinephrine for 
the entire 90 minutes (closed symbols) or for Just one minute 
(open symbols). Then 8.5 pg/mL "*I-PAC-1 (circles) or 45 ug/mL 
"3 PAC-1 (squares) was added, and the amount of PAC-1 bound 
to the platelets was determined. This experiment is representa- 
tive of five so performed. 
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only at the end of the 90-minute period, desensitized platelets 
demonstrated normal PAC-1 binding over a range of epi- 
nephrine concentrations (0.1 to 10 umol/L) (Fig 5B). The 
persistence of fibrinogen receptor expression in desensitized 
platelets was not due to an irreversible modification of this 
receptor because >95% of the PAC-1 binding to platelets 
could be prevented, even after prolonged incubations with 
epinephrine, by displacing the agonist from the platelet with 
either 10 umol/L phentolamine or yohimbine. Thus, desensi- 
tization of the aggregation response to epinephrine cannot be 
explained by a reduction in the level of fibrinogen receptor 
expression. 

Binding of fibrinogen to platelets desensitized to epineph- 
rine. Next, we examined the effect of prolonged platelet 
exposure to epinephrine on fibrinogen binding itself. Aspirin- 
treated gel-filtered platelets were incubated for 50 minutes 
at 22°C with 10 umol/L epinephrine. '*1-fibrinogen (10 to 
1,800 ug/mL) was then added, and specific fibrinogen 
binding measured. In four experiments, unstimulated plate- 
lets incubated for 50 minutes bound small amounts of 
fibrinogen (3,726 + 411 molecules/platelet; Kd = 205 + 85 
nmol/L). In contrast, control platelets incubated for 50 
minutes and then exposed to epinephrine just before the 
addition of 'I-fibrinogen bound 20,533 + 5,915 fibrinogen 
molecules per platelet with a Kd of 186 + 75 nmol/L. 
Desensitized platelets bound fibrinogen to an extent and with 
an affinity similar to the acutely stimulated control platelets 
(18,820 + 3,984 molecules/platelet; Kd = 221 + 49 nmol/ 
L). Thus, desensitization of the aggregation response to 
epinephrine cannot be explained by a reduction in fibrinogen 
binding to the desensitized platelets. 

Fibrinogen initially binds reversibly to platelets, but over 
10 to 60 minutes its binding becomes progressively irrevers- 
ible.*? For example, when platelets were incubated with 
epinephrine and '**I-fibrinogen for only five minutes, 90% of 
the bound fibrinogen could be removed by adding 10 mmol / 
L EDTA to chelate extracellular Ca and Mg (data not 
shown). In contrast, when platelets were incubated with 
epinephrine and fibrinogen for 60 minutes, only 39% of the 
bound fibrinogen could be removed. It should be noted that 
in our desensitization experiments, gel-filtered platelets had 
been preincubated with epinephrine for 50 minutes before 
the addition of "I-fibrinogen. Under these conditions, 96% 
of the fibrinogen that bound to desensitized platelets was 
removed with EDTA. Since the binding of fibrinogen to 
desensitized platelets is readily reversible, desensitization 
cannot be attributed to irreversible fibrinogen binding. 

Although desensitization does not appear to be due to an 
abnormality of fibrinogen receptor expression, it is still 
possible that prolonged expression of the receptor on un- 
stirred platelets leads in some way to a reduction of the 
subsequent aggregation response. This possibility was 
addressed in two different experiments. In the first, aspirin- 
treated platelet-rich plasma was incubated at 22 9C with 5 
umol/L epinephrine and 2.5 mmol/L EDTA for 50 minutes. 
The EDTA was added to prevent fibrinogen receptor expres- 
sion and fibrinogen binding, and it does not interfere with the 
binding of the epinephrine to platelets." After 50 minutes, 
2.5 mmol/L CaCl, was added and platelet aggregation 
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studies were carried out. Whether expressed in terms of the 
initial rate or maximal extent of aggregation, the platelets 
that had been incubated with epinephrine and EDTA aggre- 
gated significantly better than the "desensitized" platelets 
that had been incubated with epinephrine alone (P < 0.01) 
(Fig 6). In the second experiment, unstirred gel-filtered 
platelets were incubated for 50 minutes with 10 umol/L 
epinephrine in the presence or absence of 100 ug/ mL fibrino- 
gen. At 50 minutes, fibrinogen was added to those samples 
lacking it, and the platelets were stirred and aggregation 
measured. Desensitization of the aggregation response was 
not affected significantly by the presence of fibrinogen 
during the initial 50-minute incubation period (Fig 7). These 
experiments suggest that fibrinogen binding, per se, plays 
little or no role in the mechanism of desensitization of the 
subsequent aggregation response. On the other hand, some 
role for prolonged expression of the fibrinogen receptor in the 
desensitization process cannot be excluded. 


DISCUSSION 


Platelet aggregation represents the functional end- 
response of a sequence of reactions that takes place largely at 
the platelet surface membrane, This includes (1) the binding 
of an agonist to its receptor; (2) transmission of a signal(s) 
from the receptor to the membrane glycoprotein lIb-11la 
complex; (3) a modification of the lIb-IHIIa complex that 
converts it into a functional fibrinogen receptor; and (4) the 
binding of fibrinogen to the IIb-I1la complex. The availabil- 
ity of PAC-1, a monoclonal antibody that is specific for the 
fibrinogen receptor on activated platelets, has enabled us to 
distinguish between those factors involved in the induction of 
the fibrinogen receptor and those involved in fibrinogen 
binding. In the present study, we have examined the induc- 
tion of the fibrinogen receptor by epinephrine as well as the 
function of this receptor during desensitization of the platelet 
aggregation response to epinephrine. 

Platelet aggregation in response to epinephrine is depen- 
dent on extracellular Ca.*?^? Moreover, platelet secretion in 
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Fig 6. Effect of EDTA on platelet desensitization to epineph- 
rine. See text for details. The aggregation responses of control 
platelets incubated with epinephrine for only one minute were set 
arbitrarily at 10096. Data for the initial rate and the maximal extent 
lamplitude) of aggregation represent the mean + SEM of three 
experiments. 
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Fig 7. Effect of prolonged incubation with fibrinogen on plate- 
let desensitization to epinephrine. Unstirred, gel-filtered platelets 
were incubated for 50 minutes at 22 ^C, with or without 10 umol/L 
epinephrine and with or without 100 ug/mL fibrinogen. At 50 
minutes, epinephrine and fibrinogen were added to those samples 
lacking them, and one minute later, the platelets were stirred in an 
aggregometer. The percent aggregation three minutes after the 
beginning of stirring was measured. Data represent the mean + 
SEM of three experiments. 


response to epinephrine is dependent on an initial aggrega- 
tion response. ? Therefore, we first examined the role of Ca 
in fibrinogen receptor expression. PAC-1 binding to epineph- 
rine-stimulated platelets was absolutely dependent upon 
extracellular Ca. Measured in the absence of Mg, PAC-1 
binding was half-maximal at 30 umol/L free Ca and maxi- 
mal at 300 umol/L. Thus, Ca in the millimolar-to-micromo- 
lar range is needed in order for fibrinogen receptors to be 
expressed. The Ca dose-response curve for fibrinogen bind- 
ing was slightly to the right of the PAC-1 dose-response 
curve. Both curves were shifted to the left in the presence of 
Mg such that at | mmol/L Mg, both PAC-1 and fibrinogen 
binding were half-maximal at | umol/L free Ca. Although 
the platelets were exposed to Ca as low as 10^? mol/L, our 
results cannot be explained by a disruption of the membrane 
Hb-IIla complex which is known to occur with Ca depletion 
at 37 °C. [n the present experiments, platelets were exposed 
to low Ca at 22 °C, a temperature at which the membrane- 
associated complex remains intact.” 

It has been reported that either Ca or Mg in the mmol/L 
range can support fibrinogen binding and platelet aggrega- 
tion.’ However, the present study demonstrates that Ca is a 
necessary and sufficient divalent cation for full induction of 
the fibrinogen receptor and for maximal fibrinogen binding. 
Mg can play a permissive role but is not an effective 
substitute for Ca. This conclusion is consistent with previous 
aggregation experiments and with studies of fibrinogen 
binding to platelet membranes, both of which have demon- 
strated a differential role for the two divalent cations.*?? 
Other reports suggesting that Mg alone can support aggrega- 
tion have used buffers that contained "no added Ca." Such 
buffers probably contained at least | to 10 umol/L residual 
Ca, enough to support fibrinogen receptor expression in the 
presence of Mg (Fig 3). 

The present study does not clarify how extracellular Ca is 
involved in epinephrine-induced fibrinogen receptor expres- 


sion. Induction of the receptor by ADP and thrombin is also 
Ca-dependent.'* In theory, Ca might be involved in the 
agonist binding step, in the signal transmission step that links 
agonist binding to exposure of the fibrinogen receptor on 
IIb-1Ta, or directly at the level of Hb-IH Ia. The first possibil- 
ity is excluded by the fact that extracellular Ca is not 
required for optimal binding of a;-adrenergic agonists. ^ The 
Ca requirement could be explained by an agonist-induced 
influx of extracellular Ca, which could in turn initiate a 
Ca-dependent biochemical process within the platelet that 
triggers fibrinogen receptor expression. For example, ADP 
and thrombin stimulate an increase in cytoplasmic free Ca 
(measured by quin 2) that is greater in the presence of 
extracellular Ca than in its absence. Furthermore, both 
agonists stimulate calmodulin- and protein kinase C-depen- 
dent protein phosphorylation.'* On the other hand, epineph- 
rine is a potent stimulator of fibrinogen receptor expression 
despite the fact that it does not cause a bulk increase in 
cytoplasmic Ca or protein phosphorylation in aspirin-treated 
platelets." Thus, if epinephrine does cause an influx of 
extracellular Ca, this would have to represent a quantita- 
tively minor but strategically localized Ca pool that is 
involved in fibrinogen receptor exposure. Indeed, using 
aequorin rather than the fluorescent Ca probe quin 2 to 
measure cytoplasmic free Ca, Ware and coworkers have 
detected epinephrine-induced Ca transients that could 
reflect such a localized pool.” Similarly, Sweat et al have 
found that epinephrine causes changes in chlortetracycline 
fluorescence in indomethacin-treated platelets.” Alterna- 
tively, a possible direct effect of Ca on the conformation of 
Hb and iila must be considered because extracellular Ca 
appears to bind directly to these glycoproteins.” However, 
further assessment of the effect of Ca on Hb-IHa structure 
will require work with purified, functional Hb-llla com- 
plexes reconstituted into artificial membranes." 

Although we have emphasized a potential direct interac- 
tion between extracellular Ca and the platelet, it is also 
possible that additional interactions between Ca or Mg and 
fibrinogen are important for the binding of this ligand to 
Hb-IHa. We found that the Ca dose-response curves for 
PAC-1 and fibrinogen binding were not superimposable in 
the absence of Mg (Fig 3A). Several classes of divalent 
cation binding sites on fibrinogen have been demonstrated," 
but their functional significance with respect to fibrinogen 
binding remains to be determined. 

in most experimental situations, a close relationship has 
been demonstrated between the extent of fibrinogen binding 
and the extent of platelet aggregation? However, the 
precise mechanism of platelet-to-platelet interaction remains 
unknown. The dimeric structure of fibrinogen suggests that 
the molecule functions as an intercellular bridge by binding 
to fibrinogen receptors on adjacent platelets. Peerschke and 
coworkers have demonstrated that platelets activated by an 
agonist and then fixed with formalin are capable of binding 
fibrinogen but cannot aggregate." On this basis they have 
proposed that membrane events distal to fibrinogen binding 
are necessary for maximal platelet aggregation. Such events 
might include the interaction of the fibrinogen receptor with 
components of the membrane cytoskeleton’ the lateral 
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movement of the fibrinogen receptor within the plane of the 
membrane, and receptor clustering." * 

Our studies also indicate that the extent of fibrinogen 
binding does not necessarily determine the extent of platelet 
aggregation. When unstirred platelets were exposed to epi- 
nephrine for up to 90 minutes, they bound the same amount 
of PAC-1 and fibrinogen as did control platelets exposed onlv 
acutely to epinephrine. Despite maximal fibrinogen receptor 
expression and fibrinogen binding, these desensitized plate- 
lets exhibited a 70% reduction in their aggregation response 
as measured by changes in light transmittance. This 
reflected a decrease in the size of the aggregates. Thus, 
desensitization resulted in a clear dissociation between 
fibrinogen binding and platelet aggregation. A qualitatively 
similar, though less marked, dissociation between fibrinogen 
binding and aggregation has been observed after platelet 
desensitization to ADP.” 

Several possible mechanisms for desensitization of the 
aggregation response to epinephrine need to be considered. 
First, it has been suggested that “secondary,” or irreversible, 
platelet aggregation involves the binding of thrombospondia 
to the platelet surface after its release from platelet a- 
granules." Thrombospondin is unlikely to be involved in our 
aggregation studies because desensitization was observed 
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even when the release reaction was prevented with aspirin. 
Second, prolonged occupancy of the fibrinogen receptor by 
fibrinogen might play a role in desensitization. However, we 
found that it was not necessary for fibrinogen to be added 
during the prolonged incubation with epinephrine in order 
for desensitization to be observed. We did find, however, that 
if EDTA were present during the incubation with epineph- 
rine, desensitization was partially prevented. This effect of 
EDTA may have resulted from suppression of fibrinogen 
receptors, but other possible mechanisms cannot be ruled 
out. Although speculative, it is possible that persistent 
expression of fibrinogen receptors is involved in the sequence 
of events leading to desensitization, perhaps by limiting the 
lateral movement or clustering of the receptors after fibrino- 
gen binds. Whatever the mechanism of desensitization, the 
current results indicate that there are platelet reactions 
subsequent to fibrinogen binding that determine the maxi- 
mal extent of the aggregation response. These reactions are 
impaired when platelets are desensitized to epinephrine. 
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Use of Surface Marker Analysis to Predict Outcome of Adult 
Acute Myeloblastic Leukemia 


By James D. Griffin, Roger Davis, Douglas A. Nelson, Frederick R. Davey, Robert J. Mayer, 
Charles Schiffer, O. Ross McIntyre, and Clara D. Bloomfield 


In order to investigate the clinical significance of surface 
antigen analysis in acute myeloblastic leukemia (AML), the 
blasts from 196 patients with AML were analyzed prospec- 
tively with a panel of 16 monoclonal antibodies. The 
antibodies were selected to identify differentiation-asso- 
ciated antigens of either the myeloid lineage (MY9, PM-81, 
AML-2-23, MY7, MCS-1, MY8, Mo1, MY1. MY4, Mo2), T 
cell lineage (T101, T11), B cell lineage (B1, B4) or multiple 
lineages [J5 (CALLA), HLA-DR]. Independent morphological 
review and classification by French-American-British (FAB) 
criteria was performed in 161 of the 196 cases. One or 
more myeloid surface antigens were detected on the blasts 
of 195 cases, while B and T cell markers were detected on 
0% to 296 of cases. When both blood and marrow samples 
were studied on the same patient, very few differences 
were noted between the antigenic profiles of the paired 
specimens. The frequency of expression of individual 
myeloid antigens ranged from 91% (PM-81) to 29% (Mo2). 
Expression of individual antigens was found to correlate 
significantly with several clinical parameters including FAB 
classification, cytochemical staining for alpha naphthyl 
acetate esterase, leukocyte count, and the presence of 


CUTE MYELOBASTIC LEUKEMIA (AML) is the 
most common form of acute leukemia in adults. 
Despite considerable improvements in the rate of remission 
following treatment with chemotherapy," * most patients will 
ultimately die with relapsed leukemia. Although there is 
clinical, morphological, and laboratory evidence of patient 
heterogeneity, identification of prognostically important sub- 
groups has proven difficult. Age greater than 60 years has 
been an adverse feature in most studies, ^ and some studies 
have identified other poor prognostic categories including a 
history of myelodysplastic syndrome,’ prior chemotherapy or 
radiotherapy, leukemic colony growth characteristics in 
vitro ™! bleeding or infection," and specific cytogenetic 
abnormalities. The French-American-British (FAB) classi- 
fication system has provided a popular and generally re- 
producible classification system for AML based on cell 
morphology.^!$ Some investigations have identified prog- 
nostically significant groups within the FAB system," ? 
while others have not.???! 
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extramedullary disease at presentation. Two myeloid anti- 
gens (MY4 and MY7) predicted for a low rate of complete 
remission (CR) to standard induction chemotherapy. 
MY4+ cases (3796 of the total population) had a CR rate of 
5396, while M4— cases had a CR rate of 69% 
(P = .03). MY7 + cases (57% of the total population) had a 
CR rate of 55% while MY7-— cases had a CR rate of 73% 
(P = .01). Neither MY4 nor MY7 antigen expression was 
correlated with patient age. Paired combinations of anti- 
gens were also examined. The [MY4— MY7-—] phenotype 
was exhibited by 3296 of all cases and was associated with 
an 8296 CR rate while the CR rate of all other cases was 
5496 (P — .001). The expression of three antigens (HLA-DR, 
MYS8, Mo1) was associated with a decreased continuous 
complete remission (P « .05, median follow-up time of 19 
months). Expression of MY8 antigen was also associated 
with decreased survival (P — .03). These results confirm 
earlier reports of antigenic heterogeneity in AML, and 
indicate that immunologically defined subgroups of AML 
patients which are of potential clinical significance can be 
identified. 

e 1986 by Grune & Stratton, Inc. 


In acute lymphoblastic leukemia (ALL), certain immuno- 
logic tests have been used to augment morphological classifi- 
cations, and have greatly facilitated differential diagnosis, 
cell lineage association, and identification of ALL patients 
with both good and poor prognoses.”** For example, T cell 
ALL cases identified by rosetting with sheep erythrocytes or 
by surface marker analysis with anti-T cell heteroantisera or 
monoclonal antibodies respond poorly to standard chemo- 
therapy regimens,” but respond well to more intensive 
chemotherapy programs.” 

Surface marker analysis of blasts from patients with acute 
myeloblastic leukemia has not been extensively investigated, 
despite the availability of well-characterized monoclonal 
antibodies recognizing determinants expressed on normal 
and leukemic myeloid cells. This may have resulted from the 
difficulty in obtaining samples of leukemic cells for study 
from large numbers of similarly treated AML patients. 
Based on preliminary studies which suggested that immuno- 
logically defined subgroups of AML patients could be identi- 
fied with antimyeloid monoclonal antibodies,?"?! the Cancer 
and Leukemia Group B (CALGB) initiated a prospective, 
multiinstitutional study in 1983 to evaluate the potential 
ability of surface marker analysis in AML to identify 
prognostically important subgroups of patients. This report 
summarizes data obtained on the first 258 cases studied. 


MATERIALS AND METHODS 
Patients 


All previously untreated patients receiving chemotherapy for 
acute myeloblastic leukemia on CALGB protocols 7921, 8221, 8321, 
or 8323 (protocols available from CALGB Central Office) from 
January 1, 1983, to December 1, 1984, were eligible for this study. 
Registration required the availabihty of fresh bone marrow or 
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peripheral blood for marker analysis, and unstained smears for 
morphological review. Informed consent was obtained in accord with 
individual institutional review boards. Induction chemotherapy in all 
protocols consisted of cytarabine 100—200 mg/m? daily by continu- 
ous intravenous infusion for seven days and daunorubicin 45 mg/ 
m?/day (30 mg/m? for patients over 60 years) by rapid intravenous 
infusion for the first three days of treatment. A second course of 
induction therapy was administered as necessary. All protocols 
included postinduction chemotherapy administered for periods of 8 
to 36 months. These regimens included cytarabine with or without 
other drugs. Complete remission (CR) was defined by standard 
CALGB criteria ! 


Sample Handling 


Aspirated bone marrow and/or peripheral blood samples contain- 
ing heparin were obtained at diagnosis Samples were shipped at 
ambient temperature to arrive at the central immunology laboratory 
(Dana-Farber Cancer Institute, Boston, MA) within 24 hours 
Mononuclear cell suspensions were immediately prepared by Ficoll- 
Hypaque sedimentation (1077 g/mL) and were cryopreserved in 
the vapor phase of liquid nitrogen in 10% dimethylsulphoxide and 
2095 newborn calf serum. Prior to analysis, leukemic cells were 
thawed in the presence of DNase I (100 „g/mL, Worthington 
Biochemicals) in order to minimize cell agglutination. Cytocentri- 
fuge smears were made prior to freezing and after thawing to 
evaluate the percentage of blasts in each specimen Samples with less 
than 40% blasts after Ficoll-Hypaque separation were considered 
inadequate for surface marker analyses. 


Immunofluorescence Analysis 


Antigen expression by leukemic cells was determined by indirect 
immunofluorescence and flow cytometry as previously described *! 
5 x 105 cells were suspended in 0.1 mL of minimal essential medium 
containing 2.5% human AB serum to minimize nonspecific Fc 
receptor binding. 0.1 mL of each monoclonal antibody (as ascites) 
diluted 1 250 in the same medium was added to separate aliquots, 
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and the mixture incubated at 4 °C for 30 minutes, washed twice in 
human serum-containing medium, and the cells further incubated at 
4°C for 30 minutes with 0 1 mL of a 1.40 dilution of fluoresceinated 
goat antimouse Ig (Coulter Immunology, Hialeah, FL). All mono- 
clonal antibodies and the fluoresceinated goat antimouse immuno- 
globulin reagent were used at concentrations previously determined 
to be saturating. An IgG2a anti-Ig idiotype monoclonal (clone 89) 
was used as an Ig control antibody, and a nonreactive IgM mono- 
clonal antibody was used as an IgM control antibody. Cell fluores- 
cence was determined by cytofluorography (Ortho Diagnostics, 
Raritan, NJ) analyzing 10,000 cells per sample using a linear 
amplifier for fluorescence. Fluorescence gain was standardized daily 
using fixed autofluorescent chicken erythrocytes Background fluo- 
rescence (determined by control monoclonal antibody staining) was 
subtracted in each case. A positive reaction was defined as 20% of 
leukemic cells more fluorescent than control.?! 


Monoclonal Antibodies 


A panel of 16 monoclonal antibodies”?! was selected for testing 
on the basis of preliminary data suggesting their utility in leukemia 
phenotyping (Table 1). Ten antibodies identified antigens associated 
with normal myeloid cells, two antibodies reacted with normal B 
lymphocytes, two antibodies with normal T lymphocytes, and one 
antibody (anti-HLA-DR) was not lineage-associated The charac- 
teristics of these antibodies and their origins are summarized in 
Table 1. A diagrammatic summary of the distribution of the myeloid 
antigens on normal marrow myeloid cells is shown in Fig 1. All 
antibodies were obtained from the original source (see references). 


Central Review of Pathology and Cytochemistry 


Unstained bone marrow and blood slides were sent to a single 
central laboratory (Upstate Medical Center, Syracuse, NY) for 
review. FAB classification was determined on Wright-Giemsa— 
stained smears using standard criteria.!^6 Slides were stained for 
Sudan Black B (SBB), myeloperoxidase (PX), diaminobenzidine- 
hydroperoxidase (DAB), alpha naphthyl acetate esterase (ANAE) 


Table 1. Monoclonal Antibodies Used for AML Phenotype Analysis 





Antigen Expression On Normal Cells 








Reference 
Antibody Antigen* CDt Mature Hematopoietic Cells Bone Marrow Cells* and Source 
1 9-49 HLA-DR Monocytes, B Cells CFU-GM, BFU-E, CFU-GEMM 47 
2 MYS 68kD Cp16 Monocytes Promyelocytes, blasts 39 
3 PM-81 LNF Ill Granulocytes GPC, CFU-GM 45 
4 AML-2-23 55kD Monocytes, granulocytes GPC, CFU-GM 43,44 
5 MY7 150kD CDw13 Monocytes, granulocytes GPC, CFU-GM, BFU-E, CFU- 31,38 
GEMM 
6 MCS-1 NR CDw15 Monocytes, granulocytes GPC 41 
7 MY8 NR Monocytes, granulocytes GPC 31 
8 Mo1 155,95kD CD11 Monocytes, granulocytes, NK cells GPC 40,46 
9 MY4 55kD CDw 14 Monocytes Monocytes 31 
10 Mo2 55kD CDw14 Monocytes Monocytes 40,46 
11 MY1 LNF Ill Granulocytes GPC 42 
12 T101 65kD CD5 T Cells T Cells 48 
13 T11 SRBC Recep- CD2 T Cells T Cells 49 
tor, 
45kD 
14 B1 35kD CD20 B Cells B Cells and Pre-B Cells 50 
15 B4 94kD CD19 B Cells B Cells and Pre-B cells 51 
16 J5 CALLA, 95kD CD10 Granulocytes, Pre-B Cells 52 





*GPC, granulocyte progenitor cells (promyelocyte, myelocyte, metamyelocyte); CFU-GM, granulocyte-monocyte colony-forming cell; BFU-E, 
erythroid burst-forming unit, CFU-E, erythroid colony-forming unit; LNF Ill, lacto-N-Fucopentaose Ill; NR, not reported; SRBC, sheep erythrocyte 
Cluster Designation from the 1st and 2nd International Workshops on Leucocyte Differentiation Antigens 5? 
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Fig 1. Diagrammatic representation of the expression of 
myeloid surface antigens during normal marrow myelopoiesis. The 
bars indicate the presence of detectable antigen on CFU-GEMM, 
mixed-lineage progenitor cell; day 7 and day 14 CFU-GM, granulo- 
cyte/monocyte colony forming cell; blast, myeloblasts; promono- 
cytes; and mono, monocytes. See Table 1 for references and for 
information regarding expression of antigens on peripheral blood 
cells. In addition to the progenitor cells shown, la and MY9 
antigens are expressed by the erythroid burst-forming cell, 
BFU-E.” None of the other antigens has been reported to react 
with erythroid progenitor cells. 


with sodium fluoride inhibition, alpha naphthyl butyrate esterase 
(ANBE), periodic acid Schiff (PAS), and chloroacetate esterase 
(CAE) activities.” 


Statistical Methods 


This study was designed to correlate reactivity of monoclonal 
antibodies with clinical characteristics and to assess their value as 
prognostic indicators. Survival was measured from date of entry onto 
the clinical study and included all cases regardless of remission 
induction result. Continuous complete remission (CCR) rate was 
computed only for patients who achieved CR and was measured 
from the date CR was achieved. A remission death was treated as a 
censored observation for this endpoint. Comparisons involving sur- 
vival and CCR were based on the log-rank test and one-year rates 
were estimated by the method of Kaplan and Meter.” 

Comparisons of relationships between marker studies and patient 
characteristics were based on Fisher's exact test.? Comparisons of 
response by marker reactivity stratified by age were assessed using 
an exact test for the analysis of combinations of 2 x 2 tables *! All P 
values reported are two-sided Because of the inherent difficulties of 
the “multiple comparisons" problem,” caution must be used in 
interpreting the reported P values 


RESULTS 
Patient Population 


Two hundred fifty-eight patients were registered onto this 
study and had samples submitted for surface marker analy- 
sis. Samples were insufficient for analysis in 51 cases [insuf- 
ficient cell number, 25 cases; low blast percentage (less than 
40%), four; damaged sample, five; no viable cells, 17] An 
additional five cases never received treatment and thus 
provided no clinical data. The remaining 202 cases were 
analyzed. Six cases did not meet criteria for acute nonlym- 
phoblastic leukemia (ANLL) on central pathology review 
and were eliminated from this analysis. The remaining 196 
cases had surface marker analysis and form the basis for this 
report. 

The patients! clinical characteristics at time of diagnosis 
are shown in Table 2. The patients had a median age of 51.5 
years (range 15 to 83). The overall complete remission rate 
was 6396 
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Table 2. Patient Characteristics (N — 196) 








Characteristic Number 
Age (years) 
15-20 11 
20-39 48 
40-59 74 
60-83 63 
Sex 
Female 99 
Male 97 
Extramedullary disease 
Central nervous system 11 
Peripheral nervous system 3 
Liver 32 
Spleen 32 
Nodes 29 
Mediastinal 2 
Skin/gums 37 
Other 7 
Any extramedullary disease 88 
WBC (x 10°/L) 
Under 4 36 
4-9 26 
10-19 31 
20-49 50 
50-99 25 
100+ 27 
Auer rods present 106/172 
Peroxidase reactivity 
Positive (2:396 of blasts) 148 
Negative 16 
Not Done 32 
Alpha naphthyl acetate esterase reactivity 
Positive (22096 blasts) 104 
Negative 66 
Not Done 26 
Treatment study 
7921 6 
8221 106 
8321 77 
8323 7 


Morphologic Classification 


One hundred sixty-one of the 196 cases (82.1%) with 
complete surface marker analysis were reviewed by the 
CALGB central morphology review panel and classified 
using FAB criteria.'*"* The complete remission rates, contin- 
uous complete remission rate at 1 year, and survival at 1 year 
in relation to FAB classification are shown in Table 3 


Surface Antigens 


Eighty-two percent of samples analyzed were bone mar- 
row, and 18% were blood (blood was analyzed only when 
marrow was not available). Availability of cells limited the 
number of antibodies tested in less than 10% of cases. 
AML-2-23, PM-81, and B4 antibodies were added to the 
panel during the course of the study, and therefore fewer 
cases were tested with these reagents. Myeloid surface 
antigens were detected on the blasts of all but one of 196 
cases (an FAB M4). Lymphoid markers (B cell, Bl or B4; T 
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Table 3. Relationship of FAB Classification to Complete 
Remission Rate, Duration of Complete Remission and Survival 





1-Year 

Continuous 

Complete 

Remission 1-Year Survival 

Response Rate (96 + SE) Rate (96 + SE) 

FAB Group (P= 46)* (P - 003) f {P = 24)t 
M1 15/22 (68%) 76 + 12 64 + 10 
M2 18/30 (60%) 80 + 13 49 + 10 
M3 10/11 (91%) 73 + 16 80 + 13 
M3V 1/3 (3396) 100 (1/1) 67 + 27 
M4 37/61 (6196) 42 r9 38 +7 
M4E 7/9 (78%) 100 75 + 15 
MSA 6/9 (67%) 20 + 18 26 + 16 
M5B 9/13 (69%) 62 + 17 59+ 14 
M6 1/3 (33%) 0 (0/1) 0 (0/3) 
All Cases 104/161 (65%) 58 +6 49+4 











*P value based on exact test. 

+P value derived from a log-rank test comparing overall equality of end 
pomts (duration of complete remission or survival) across all FAB 
groups. 

All cases 


cell, T101 or T11; or CALLA) were detected on 2% or less of 
cases, and these patients will be described separately below. 


Comparison of Surface Antigens Expressed by Blasts in 
Paired Samples From Peripheral Blood and Bone Marrow 


Since both blood and bone marrow samples were analyzed 
in this study, a pilot study of 31 cases was performed in which 
cells obtained from both blood and marrow from the same 
patient were studied simultaneously for surface antigen 
expression in order to determine the comparability of these 
two sources of leukemic cells. In general, there were very few 
differences between the surface antigen phenotypes of mar- 
row and blood leukemic cells. In five cases one or two major 
differences were observed (an antigen was “positive” in one 
source and “negative” in the other). For all comparative data 


1235 


in this report, bone marrow results were used when both were 
available, and when only blood was available for study, the 
results from blood were used. 


Relationship of Surface Antigen Expression 
to Clinical Characteristics 


FAB classification. The frequency of expression of each 
myeloid surface marker in relationship to central FAB 
classification is shown in Table 4. 

Significant differences in antigen expression were 
observed among different FAB groups. Expression of Ia 
antigens was almost universal in monocytic (FAB M4, M5) 
leukemias (89-95%), uncommon in M3 (27%), and of inter- 
mediate frequency in M1 (77%), M2 (83%). Expression of 
several antigens correlated with FAB M4 or MS (Ia, MY4, 
MY8, Mol, Mo2, PM-81, AML-2-23, and MYI, all P 
values <01), while monocytic markers were particularly 
uncommon in FAB M3 (MY4 0/11, P = .007; Mo2 0/10, 
P = .03). Expression of MY4 tended to be more commonly 
observed in MSB (10/13 cases) than in MSA (3/9, P = .08). 
M2 cases tended to express "early granulocyte” antigens 
(those expressed on late myeloblasts and promyelocytes, but 
not on CFU-GM) such as MY8, Mol, MCS-1, to a higher 
extent than did M1 cases. Expression of several antigens 
found on normal hematopoietic progenitor cells (Table 1) did 
not correlate with FAB classification (MY7, MY9). The 
distribution of antigens in the major FAB classes is illus- 
trated schematically in Fig 2. The antigens are displayed 
from left to right in the order in which they are acquired 
during normal] myelopoiesis. Taken as a group, the FAB M1 
cases tend to express “early” antigens to a greater degree 
than “later” myeloid antigens. Expression of later antigens 
such as MY8 and Mol is increasingly common in M2, M4, 
and MSB groups. Thus, certain “phenotypes” tend to be 
particularly common in each FAB group although there is 
considerable overlap. 

Cytochemistry. The presence or absence of PX or 
ANAE was assessed in 164 and 170 cases, respectively. 


Table 4. Frequency of Expression of Surface Antigens in Morphologic Subgroups of AML 

















Antigen Expression in FAB subgroups (%) 























Surface Samples Mt M2 M3 M3V Ma M4E — MSA  M5B M6 
Antigen Tested* 16-22 25-30 8-11 2-3 46-61 6-9 9-9 9-13 2-3 P 
1 la 161 77 83 27 67 95 89 89 92 33 t 
2 MYS 161 68 67 73 67 67 67 100 77 67 
3 PM-81 124 100 88 62 o 98 100 89 100 50 t 
4 AML-2-23 124 62 76 25 o 87 100 78 100 50 t 
5 MY7 161 55 53 64 33 56 78 44 46 67 
6 MCS-1 141 28 44 11 0 38 56 44 78 33 
7 MY8 160 23 41 18 o 62 89 44 100 67 t 
8 Mo1 160 19 47 9 0 70 67 78 100 33 t 
9 MY4 161 18 30 0 ce) 48 78 33 77 o t 
10 Mo2 149 15 26 [^] [^] 35 78 33 45 0 8 
11 MY1 147 33 38 10 0 57 56 67 75 50 | 
*N = number of cases within each FAB category tested for expression of each antigen (range of values) 
[P « 0001 
tP < .001 
§P < .01 


le < 05 
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A. AML-M1 (22 Cases) D.AML-M4 (61 Cases) 
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C.AML-M3 (11 Cases) 


Fig 2. Antigens expressed by each FAB Group. Cases wera 
classified by FAB criteria by the CALGB Central Review Panel, and 
the percent of cases in each group expressing each of the myeloid 
antigens is indicated. Antigens are ordered on the x axis of each 
panel in the order in which they are acquired during normal 
maturation with “early” antigens on the left and antigens of mora 
mature cells on the right. M6 was not included because of the low 
number of cases. The M3 group includes only M3 cases and nct 
M3V. In panel E, the antigens expressed by MBA cases are shown 
by the dark bars and the antigens expressed by MBB cases by the 
light bars. 


Overall, 90% of cases were PX+ and 61% were ANAE+. 
PX expression did not correlate with surface antigen expres- 
sion. A positive correlation was detected for ANAE and 
expression of several individual markers, including Ia 
(P 2.0001), MY8 (P = .002), Mol (P = .007), PM-81 
(P = .02), AML-2-23 (P=.001) and MY1 (P = .008) 
(data not shown). The presence or absence of Auer rods did 
not correlate with antigen expression. 

White blood cell count. The expression of three antigens 
(MY4, Mol, Mo2) was significantly correlated with the 
white blood cell count (Fig 3). The nominal P values for this 
association were P = .02 (Mo2), P = .01 (MY4), and P = 
0001 (Mol). 

Extramedullary disease at presentation. The presence 
or absence of extramedullary disease was assessed in 194 
cases. Eighty-eight cases demonstrated one or more sites of 
extramedullary disease (Table 2). The presence of two 
monocyte surface antigens (MY4 and Mo2) was closely 
associated with the presence of any extramedullary disease. 
The MY4 antigen was present on the leukemic cells of 4876 
of 88 cases having extramedullary disease but only 2896 of 
the 106 cases without extramedullary disease (P — .007). 
Similarly, 3896 of cases with extramedullary disease were 
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Fig 3. Relationship of expression of Mo1, MY4, and Mo2 


antigens to leukocyte count. 196 cases were divided into one of six 
groups by white blood cell count (WBC) at presentation (x axis). 
The percent of cases in each group expressing Mo1, (solid circle), 
MYA (open circle), or Mo2 (solid square) is indicated. 


Mo2-positive compared to 22% of those without extramedul- 
lary disease (P — .02). Of the 11 cases with central nervous 
system (CNS) disease at presentation, 73% were MY4 
positive while 35% without CNS leukemia expressed this 
antigen (P — .02). 

Response. The relationship of antigen expression and 
response to therapy is shown in Table 5. Expression of two 
antigens was associated with low CR rates, MY4 (P = .03) 
and MY7 (P —.01), while expression of the other nine 
antigens did not predict for response to therapy. Previous 
CALGB studies have found patient age to be the single most 
important prognostic variable for induction of complete 
remission.! Neither MY7 nor MY4 expression correlated 


Table 5. Relationship of Surface Antigen Expression 
to Response and Survival 





1-Year Rates (96) + Standard Error 











Antigen N CR Rate (96) CCR Survival 
la + 160 62 50 + 6* 43 +4 
— 36 67 90 +7 58 +8 
MY9 + 139 65 58 +6 47+4 
- 57 58 55 + 12 39 +7 
PM-81 + 129 64 52+7 44+5 
— 13 54 80 + 18 54+ 14 
AML-2-23 + 109 61 47 +7 39 +5 
- 33 67 72 + 12 68+9 
MY7 + 111 55* 57+7 41+5 
— 85 73 58 +8 51+6 
MCS-1 + 69 61 48+9 38 +6 
— 103 60 57 +8 47 +5 
MY8 + 103 59 44+ 7* 36 + 5* 
— 91 66 7147 55 +6 
Mo1 t 108 61 48 x 7* 4145 
— 85 66 72 18 54+6 
MY4 + 72 53* 56+9 41+6 
— 124 69 5816 48+5 
Mo2 + 52 54 62 + 11 51+7 
— 126 63 52427 4145 
MY1 + 81 63 51+8 46+6 
— 97 60 60+8 47+5 
All cases 196 63 5725 45 x4 





*.01 « P « 05, based on the exact test for CR rates and the log-rank 
test for CCR and survival 
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Table 6. Cell Surface Phenotypes Predictive of Response 





1-Year Rates (+ SE) 





Phenotypes* N CR Rate CCR Survival 
[MY4—, MY7—] + 62 82+ 61+8 56+ 7§ 
— 134 54 55-7 40-4 
[MY7—, AML-2-23—] + 19 848 74 zx 13 72+ 118 
— 162 60 5226 4024 
[MY7+, MY9—] + 27 44 61+18 30+ 10 
— 169 66 57+5 48-45 
[MY4 +, PM-81+] + 50 44¢ 56+13 39+8 
— 124 69 58+6 4825 
[MY4+, AML-2-23 +] + 49 45} 56+13 40+8 
— 125 68 58+6 4724 
All cases 196 63 57+5 45-4 
*'' 4+" indicates cases with the indicated phenotype; '' — '' indicates all 
cases without the indicated phenotype 
[P « 001 
{P< O1 
SP < 05 


with age. To determine if MY7 and MY4 antigen expression 
is a poor prognostic indicator independently of age, the 
effects of antigen expression were analyzed after stratifica- 
tion into 3 age groups (<40, 40 to 59, and >60). In each age 
group, MYT7-positive patients had a lower CR rate 
(P = .02). This was also true for MY4 expression (except in 
the age group 40-59 where CR rates were equal for MY4+ 
and MY4- patients), being most notable in those patients 
over 60 where 29% (8/28) of MY4+ cases achieved CR 
compared to 63% (22/35) of MY4— cases. 

Pairwise combinations of surface antigens were also exam- 
ined to assess for predictive value for high response (78046) 
or low response <45%) (Table 6). The largest phenotypic 
group predictive for good response [MY7—, MY4-] (62 
cases, CR rate 82%) was further characterized. This pheno- 
type was not selectively expressed by any FAB group 
(P = .42), nor was there any association of this phenotype 
with age, sex, bleeding, infection, white blood cell count, 
platelet count, or treatment protocol. Specifically, the 
median ages of patients with the [MY7—, MY4—] pheno- 
type and all other cases were 49 and 52.5 years, respectively. 
Similarly, median WBC's were 19.5 and 26.2. Thus, the 
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[MY7-] phenotype (43% of all cases) and the 
[MY7— MY4-—] phenotype (expressed by 32% of all cases) 
were associated with high CR rates without apparent asso- 
ciation with the other known risk factors. 

Remission duration and survival. The relationship 
between antigen expression, CCR rate after 1 year, and 
overall survival rate at 1 year are shown in Table 5. Expres- 
sion of any of three antigens, Ia, MY8, and Mol, was 
associated with decreased CCR (P < .05). The presence of 
MY38 also predicted for shorter survival (P = .03). CCR and 
survival curves for subgroups of patients defined by expres- 
sion of Ia, MY4, MY7, MY8, and Mol are shown in Fig 4. 


Expression of Lymphocyte Antigens in AML Cases 


CALLA. CALLA antigen (J5 antibody) was detected on 
26% of marrow leukemic cells from a 55-year-old woman 
with M2 leukemia. Antigen density (fluorescence intensity) 
was very low. 

T cell markers. Samples from 3 patients with AML 
contained more than 20% of cells expressing the T cell 
marker T101. Two samples were peripheral blood, and 
smears in each case showed the presence of 20% to 30% 
lymphocytes The leukemic blasts were not felt to express the 
T101 antigen, but confirmatory dual fluorescence staining 
for coexpression of a myeloid antigen and T101 was not 
performed. Three other cases (all three samples were bone 
marrow) had more than 20% T11+ cells. Two cases were in 
the FAB MAE group (38% and 24% T11+ cells). In both 
cases T101 was detected on less than 2% of cells, and review 
of smears showed 1096 lymphoid cells. 

B cell markers. B1 was not detected in any AML cases. 
B4 was detected in a small number (less than 35%) of bone 
marrow cells in three cases. All three cases were positive for 
three or more myeloid markers, but negative for T cell 
markers, CALLA, and Bl. One case was classified as M1 
and two as M4. 


DISCUSSION 


The potential utility of surface markers in identifying 
patients with different prognoses has been investigated to 
only a limited extent, despite the fact that initial monoclonal 
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Fig4. Kaplan-Meier survival and CCR curves for patient groups defined by expression of selected antigens (la, MY7, MY8, Mo1, MY4). 
Solid lines, antigen-negative cases; dotted lines, antigen-positive cases. 
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antibody studies revealed a high degree of patient hetero- 
geneity.” The present study was undertaken in an effort to 
determine the clinical relevance of surface marker analysis in 
AML. Expression of each of 11 myeloid surface antigens was 
correlated with morphology and various clinical and labora- 
tory features of 196 cases of AML (Table 2). 161 of these 
cases were classified using standard FAB criteria by a 
central panel of hematopathologists. 

In this study, bone marrow aspirate cells were analyzed in 
82% of cases and peripheral blood 1n 18%. In a pilot study of 
31 cases in which both marrow and blood were available, 
major differences in antigen expression (defined as more 
than 2095 difference in antigen expression, with one value 
positive and one value negative) were observed in five of the 
31 cases. In most of these cases, major differences occurred 
1 only one antigen of the ten tested, and this was observed 
randomly among the ten antigens. These results show that 
marrow and blood results differ ın a minority of cases and for 
a minority of antigens examined. 

As expected from previous studies with these antibodies or 
related antibodies," expression of certain antigens correlated 
with FAB morphology. For example, expression of Ia, MY4, 
MY8, Mol, AML-2-23, MYI, and Mo2 was significantly 
higher in FAB M4 and MS than in other variants, while 
expression of the late monocyte markers MY4 and Mo2 was 
not observed in FAB M3. In the MS group, expression of 
MYA antigen was more common in MSB than in the less 
“differentiated” M5A. Expression of several "pan-myeloid" 
antigens was unrelated to FAB morphology (MY7, MY9, 
AML-2-23, PM-81). Antigen expression did not correlate 
with age, sex, the presence of myeloperoxidase, platelet 
count, or infection status (data not shown) The expression of 
monocyte markers correlated with ANAE staining and with 
high white blood counts, consistent with the previously 
reported tendency for monocytic leukemias to have extreme 
leukocytosis.** MY4 and Mo2 expression correlated with the 
presence of extramedullary disease, and MY4 expression 
was correlated with CNS leukemia in particular. 

The major goal of this study was to use surface marker 
analysis to identify prognostically important subsets of 
patients. The expression of certain antigens detected on 
leukemic cells at diagnosis was found to correlate with 
subsequent CR rate, continuous complete remission dura- 
tion, or survival. Expression of the MY7 antigen identified a 
group of patients with a lower CR rate (55%) and this was 
true for patients in any age group. Similarly, MY4 antigen 
expression was predictive of a low response rate (53%), 
particularly in patients over age 60 (29%). The 150-kD MY7 
antigen has previously been shown to be associated with cell 
proliferation of normal myeloid progenitor cells ?? It is possi- 
ble that the expression of higher levels of MY7 antigen in 
AML is associated with a more highly proliferative leukemic 
clone. Although the presence of both MY7 and MY4 anti- 
gens appeared to diminish the probability of achieving CR, 
their expression individually was not related to subsequent 
remission duration or survival However, longer follow-up 
time is necessary to determine if antigen expression predicts 
for prolonged disease-free survival. 

Preliminary analysis of antigen combinations suggests 
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that certain antigen “phenotypes” may be even more useful 
than single antigens, particularly in terms of predicting the 
probability of CR. For example, the [MY4— MY7-] 
phenotype, expressed by the cells of 62 cases (32% of the 
total population) had a CR rate of 82%, while the 
[MY4+, PM-81+] phenotype group (50 cases, 26%) had a 
CR rate of 44%. These results suggest that it may be possible 
to use a small panel of antimyeloid monoclonal antibodies to 
identify large subgroups of patients with dramatically dif- 
ferent response rates to standard therapy, thereby selecting 
patients with very poor prognosis for whom alternative 
induction regimens would be appropriate. 

Further prognostic information can be obtained from the 
surface marker analysis for patients achieving CR. The lack 
of expression of Ia antigen (HLA-DR) identified a group of 
36 patients with a very low rate of relapse during the first 
year of remission (90% continuous CR) and an overall 
survival (all cases) of 58% after 1 year. In contrast, of 99 Ta 4- 
cases entering CR (62% of 160 cases), only 50% remained in 
remission at 1 year, and overall survival was 43%. Previous 
studies from our laboratory and others have shown that most 
cases of acute promyelocytic leukemia (M3) are Ia— while 
only a small fraction of AML cases other than M3 lack Ia.” 
This was confirmed in the present study. Since previous 
studies have shown prolonged disease-free survival in M3,” it 
might be postulated that the good prognosis of Ia — cases was 
due to the contribution of M3 cases. However, in this study 
the estimated 1-year CCR rate of the ten M3 cases who 
entered remission was 73% (90% for the 24 Ia— cases who 
entered CR). Thus, Ia antigen is a useful prognostic indi- 
cator which appears to be additive to the information 
obtained from FAB typing. 

MY38 and Mol antigens also provided prognostic informa- 
tion by identifying cases having a significantly lower continu- 
ous CR duration (44% and 48% at 1 year for MY8+ and 
Mol + cases, respectively, v 71% and 72% for MY8— and 
Mol — cases). Overall, 1-year survival for MY8+ cases was 
also significantly lower than that for MY8— cases (36% v 
55% at one year, P «.05) It ıs noteworthy that the 
[MY7— MY4-] phenotype (CR rate 82%) was also asso- 
ciated with an improvement in overall survival (56 + 7% at 1 
year v 40 + 4% for all other cases, P = .02). Median follow- 
up time in this study 1s 19.5 months, and it will be of interest 
to follow these groups of cases to determine if these apparent 
prognostic features persist as more time elapses. 

The FAB classification system in this group of patients 
also provided useful prognostic information (Table 3). M3 
cases had a high CR rate (9196 of 11 cases) and 7396 of these 
cases with CR remained in CR at 1 year Also, although the 
CR rate for M4 and MS cases was not different from the CR 
rate of the whole population, 1-year CCR and 1-year survival 
were lower, particularly in the M5A group. MAE cases 
tended to have a high CR rate and excellent survival, in 
accord with previous reports.” Thus, useful prognostic 
information could be abstracted from the FAB classification 
system. It is important to note that surface marker analyses 
in this study provided prognostic information independent of 
FAB classification. For example, the [MY7—] and 
[MY4— MY7-] phenotypes predictive of low CR rates 
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were not associated with any FAB group. It 1s therefore 
possible that a maximum of prognostic information will be 
obtained by considering a number of clinical and biologic 
features of the leukemic cells in individual cases. 

This study was not designed to test the accuracy of any of 
these monoclonal antibodies in confirming or establishing the 
diagnosis of AML. Most of the myeloid-reactive antibodies 
used here have previously been shown to have utility in 
distinguishing AML from ALL. It is noteworthy that only 
one of 196 cases (an M4) lacked expression of all myeloid 
antigens tested. Also, in accord with previous studies," the 
incidence of “lymphoid” antigens in AML is very low. 
Although there are growing numbers of case reports of 
“biphenotypic” leukemias coexpressing myeloid and lym- 
phoid characteristics,*”** most investigators have found this 
phenomenon to occur in less than 5% of acute myeloid 
leukemias. 

The results presented here suggest that surface marker 
analysis in AML can be used to develop a unique classifica- 
tion system in AML that will provide information not 
obtainable by morphology or cytochemistry. The expression 
of many antigens is unrelated to FAB classification, and 
many may therefore be indicators of biologic cell functions 
other than differentiation. The ability to identify patient 
groups with poor prognosis may ultimately lead to trials of 
alternative chemotherapy for these patients or identify which 
patients should have bone marrow transplantation in first 
remission. Finally, as future studies identify the cell func- 
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tions associated with each myeloid antigen, studies such as 
this are likely to provide considerable information about the 
derangements of gene regulation in AML. 
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Acute Myelomonocytic Leukemia With Abnormal Eosinophils and inv(16) or 
t(16;16) Has a Favorable Prognosis 


By Richard A. Larson, Stephanie F. Williams, Michelle M. Le Beau, Mitchell A. Bitter, 
James W. Vardiman, and Janet D. Rowley 


Inv(16)(p13q22) and t(16:16)(p13:422) are recurring chro- 
mosomal rearrangements which juxtapose the metallo- 
thionein gene cluster at 16022 with other DNA sequences 
from 16p13. We have studied 20 men and 13 women who 
had acute nonlymphocytic leukemia; 27 patients had an 
inv(16) and six patients had a t(16;16). Eight patients also 
had trisomy 22, and four had trisomy 8. All but two patients 
had the unique morphologic features of acute myelomono- 
cytic leukemia with abnormal eosinophils (M4Eo). In one 
patient with M4 leukemia, abnormal eosinophils were not 
observed in the marrow. A second patient had acute 
monocytic leukemia, plus abnormal eosinophils. Eosino- 
phils constituted 1% to 46% (median, 6%) of the bone 
marrow celis, and in all but a single patient, the eosinophils 
exhibited distinctly abnormal morphology. Twenty-five 


TRUCTURAL ABNORMALITIES of chromosome 16 
have recently been identified in bone marrow cells of 
some patients with acute nonlymphocytic leukemia (ANLL) 
and have been associated with distinctive clinical, morpho- 
logical, and cytochemical findings '? In 1982, Arthur and 
Bloomfield reported on a deletion of the long arm of chromo- 
some 16 [del(16)(q22)] in five patients with ANLL and 
marrow eosinophilia ° We described a similar abnormality, a 
pericentric inversion of chromosome 16 [inv(16)(p13q22)], 
which was present in leukemia cells from 18 patients who 
had acute myelomonocytic leukemia (AMMoL) with mor- 
phologically and cytochemically abnormal eosinophils.'? 
This association was confirmed by the Fourth International 
Workshop on Chromosomes in Leukemia, and this variant 
of AMMoL has been designated M4Eo by the French- 
American-British Cooperative Group (FAB) ? Hogge et al 
reported on a similar patient with AMMoL (M4Eo) and a 
related chromosomal abnormality, that 1s, a translocation 
between the two homologous chromosome Nos. 16, 
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patients have had a complete remission (7896 of treated 
patients). Nine patients have remained in remission longer 
than 24 months. No patient had symptoms of central 
nervous system (CNS) disease at diagnosis, and none had 
CNS leukemic mass lesions at any time. Treatment with 
high-dose cytarabine may have provided prophylactic CNS 
therapy. Four additional patients with chromosomal rear- 
rangements involving a breakpoint at 16022 but not at 
16p13 have had different morphological features and dif- 
ferent clinical courses. Thus, the juxtaposition of genes at 


,16p13 and 16822, which occurs both in the inv(16) and the 


t(16;16), results in a specific subset of acute nonlympho- 
cytic leukemia that has a favorable prognosis. 
e 1986 by Grune & Stratton, Inc. 


t(16;16)(p13.1;q22).° Other rearrangements, including a 
complex translocation, t(1;16;16)(q32;p13;q22), and a 
t(3;16)(q21;q22), have been identified by other investigators 
in patients who had eosinophilia and either AMMoL or a 
myelodysplastic syndrome.”* The common features in all of 
these patients have been a breakpoint at 16022 together with 
a malignant disease of myeloid origin and an associated 
qualitative or quantitative abnormality of the eosinophils. 

This report details the clinical. histopathologic, and cyto- 
genetic data on 37 patients studied at the University of 
Chicago. All had ANLL and a chromosomal breakpoint at 
16022. Twenty-seven patients had an inv(16); six had a 
t(16;16), three had a del(16)(q22), and one had a 
t(3;16)(q24;q22). Using these data, we have confirmed our 
earlier observation that patients with an inv(16) have 
AMMoL and qualitatively abnormal eosinophils and a 
favorable prognosis. Furthermore, these same features char- 
acterize the patients with a t(16;16). Of note, we have 
previously demonstrated that inv(16) and t(16;16) also pro- 
duce similar molecular rearrangements of DNA which result 
in the juxtaposition of the metallothionein gene cluster at 
16322 with other DNA sequences from 16p13.? In contrast 
to the former group of patients, the four patients with either 
a del(16) or a t(3;16) had different clinical features and 
morphological findings Therefore, rearrangements of chro- 
mosome 16 with breakpoints at both 16p13 and 16q22 seem 
to be the specific aberrations most closely associated with 
M4Eo. 


MATERIALS AND METHODS 


Since 1970, metaphase cell preparations adequate for cytogenetic 
study have been obtained from bone marrow or peripheral blood cells 
of 226 consecutive patients with ANLL de novo who were treated at 
the University of Chicago '* Marrow specimens from an additional 
210 patients were referred to our cytogenetics laboratory. Each 
patient has been assigned a unique patient number (UPN) for this 
and previous publications '*!° Clinical data were collected from a 
review of each patient's medical history and by direct communica- 
tion with their referring physicians Patients were followed until 
death or through September 1985. 

Cytogenetic analyses with quinacrine fluorescent and trypsin- 
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Giemsa banding techniques were performed on bone marrow aspi- 
rates and peripheral blood cells obtained at the time of diagnosis (36 
patients) or at the time of relapse (one patient). We examined cells 
from direct preparations, from 24-hour unstimulated cultures, or 
from methotrexate-synchronized cells cultured for 48 hours with 
phytohemagglutinin-stimulated leukocyte conditioned medium 
Chromosomal abnormalities were described according to the Inter- 
national System for Human Cytogenetic Nomenclature." The crite- 
ria adopted at the First International Workshop on Chromosomes in 
Leukemia were used for the identification of abnormal clones ? 

The diagnosis and subclassification of ANLL were based on 
morphological and cytochemical studies of peripheral blood smears 
and bone marrow aspirates and biopsy specimens obtained prior to 
therapy, according to the FAB cooperative group criteria in use prior 
to the 1985 revision.*!4 The diagnosis of AMMoL required the 
presence of more than 30% blast forms in the bone marrow, with 


between 20% and 80% monocytic cells in the marrow and/or the ` 


peripheral blood.'* Cytochemical reactions performed at our institu- 
tion or at referring hospitals were available in most cases and 
included myeloperoxidase, naphthol-ASD-chloroacetate esterase, 
acid phosphatase, periodic acid-Schiff, and the nonspecific esterase, 
using alpha-naphthyl acetate, with and without sodium fluoride 
inhibition, and alpha-naphthyl butyrate.? The original slides from 
two referral patients (R-19 and R-22) could not be located for 
review. 


RESULTS 


Clinical findings. The clinical features of the 33 patients 
with M4Eo are listed in Table 1. There were no significant 
differences in age, sex, or initial hemogram between the 27 
patients with an inv(16) and the six patients with a t(16;16). 
There were 20 men and 13 women. Their ages ranged from 3 
to 72 years; the median age was 45 years. Eight patients were 
less than 30 years old. Except for one patient (UPN 2056), 
none of these 33 patients had received cytotoxic treatment 
for a previous malignant disease, and none had had a prior 
myelodysplastic syndrome. Patient 2056 had received radia- 
tion therapy and chemotherapy for metastic colon cancer; a 


Table 1. Clinical and Pathoiogical Characteristics of 33 Patients 
with Acute Myelomonocytic Leukemia (M4Eo) 





inv(16)(p 13822) t(16;16)(p13;q22) 





Total 27 6 
Men 16 4 
Women 11 2 
Age 43* (3-72) 52 (35-64) 
Penpheral Blood 
Hemoglobin (g/dL) 9 3 (4.8-11.1) 93(5 7-11 7) 
Platelets (x 1079/L) 47 (14-198) 48 (19-60) 
White Cells (x 1079/L) 34 (1.7-486 2) 32.4 (4 6-230) 
Blast Forms (96) 31 (0-90) 53 (8-62) 
Monocytes (96) 32 (1-79) 19 (10-50) 
Eosinophils (96) O (0-6) 1 (0-2) 
Bone Marrow 
Cellularıty (%) 100 (60-100) 98 (40-100) 
Blast forms (96) 49 (25-78) 54 (30-76) 
Eosinophils 
Total (%) 6 (1-46) 9 (2-33) 
Abnormal Granules (96) 20 (0-48) 25 (0-60) 
Monocytest (%) 29 (15-64) 32 (25-49) 





Nineteen patients have been previously reported on in part a 
* Median (range) 
TMonoblasts, promonocytes, and monocytes 
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therapy-related myelodysplastic syndrome (t-MDS) had 
been present for 3 months before acute leukemia developed. 

Most patients initially sought medical advice for symp- 
toms of anemia. Sixteen patients were initially febrile or had 
other signs of infection. Five patients had minor bleeding. 
Patient R-15 had bowel obstruction by a myeloblastoma one 
month before AMMoL became evident in the bone marrow. 
Thirteen patients had lymph node enlargement, and nine had 
palpable splenomegaly. None of these patients had central 
nervous system (CNS) symptoms, but six of the sixteen 
patients who had a lumbar puncture performed at initial 
diagnosis had a few leukemia blast cells in the cerebrospinal 
fluid (CSF) at that time. Later, all six had normal CSF while 
the bone marrow was in remission. At relapse, CNS symp- 
toms again were not noted, although three of five patients 
who had a lumbar puncture at that time had small numbers 
of blast cells in the CSF. No patient had a CNS mass lesion 
due to leukemia demonstrated at any time, although due to 
the absence of CNS symptoms computed tomography scans 
of the head were not commonly obtained. 

Initial hemoglobin concentrations ranged from 4.8 to 11 7 
gm/dL (median, 9.3 gm/dL). The initial platelet counts 
ranged from 14 to 198 x 10°/L (median, 47 x 10°/L). 
Initial leukocyte counts ranged from 1.7 to 486 x 10°/L 
(median, 34 x 10°/L). Eight patients had white blood cell 
counts greater than 100 x 10°/L. The proportion of blasts in 
the peripheral blood ranged from 0% to 90% (median, 32%), 
and the percentage of monocytes from 1% to 79% (median, 
29%). Peripheral blood eosinophilia was not prominent; 
eosinophils ranged from 0 to 4.9 x 10?/L (0% to 6% of the 
circulating white blood cells). Half of the patients (16/33) 
had <1% circulating eosinophils. In all but a single patient, 
the eosinophils in the peripheral blood were morphologically 
normal. In that patient (UPN 238), only rare abnormal 
eosinophils were identified in the circulation. Serum muram- 
idase (lysozyme) was elevated in the twelve patients in whom 
it was measured, and the urinary concentration of murami- 
dase was increased in two additional patients. 

Cytogenetic analyses. Among 436 patients with ANLL 
de novo and 63 patients with therapy-related ANLL who had 
adequate material for cytogenetic studies, 37 patients had a 
chromosomal rearrangement which resulted from a break- 
point in chromosome 16 at band q22. Twenty-seven patients 
had a pericentric inversion of chromosome 16 [inv(16) 
(p13q22)], whereas six patients had a similar rearrangement 
resulting from a reciprocal translocation involving both 
chromosome 16 homologues [t(16;16)(p13;q22)]. In both 
rearrangements, chromosomal breaks occur at bands p13 
and q22, and a reciprocal exchange of chromosomal material 
occurs. The notable difference between these two rearrange- 
ments is that the inv(16) involves only one No. 16 homolo- 
gue, whereas ın the t(16;16) both chromosome 16 homolo- 
gues are rearranged (Figs 1 and 2). Of the remaining four 
patients, three had a deletion of the long arm of chromosome 
16 resulting from a break at band q22 [del(16)(q22)] and 
one patient (UPN 146) had complex karyotypic abnormali- 
ties which included a reciprocal translocation between chro- 
mosomes 3 and 16 [t(3;16)(q24;q22)]. The results of cyto- 
genetic analysis of the 33 patients with M4Eo, each of whom 















Number I6 homologs 1(16,16) inv(16) 


Fig 1. Schematic diagram of the banding pattern of (A) the 
normal chromosome 16 homologues, (B) the mechanism of the 
translocation 16:16, (C) the banding patterns of the rearranged 
chromosome 16 homologues resulting from the t(16;16), and (D) 
the banding pattern of the inverted chromosome 16. In (A) the 
arrows identify the breakpoints of the inv(16) and the t(16;16). 
The dashed and solid braces (C,D) identify the identical chromo- 
somal junctions resulting from the inv(16) and the t(16;16). 


had an inv(16) or a t(16;16), are listed in Table 2; sixteen of 
these patients were from the University of Chicago series (60 
through 238, 2056, 8013) and 17 were referral patient 
specimens. The pretreatment karyotypes of the four patients 
who had a del(16) or a translocation involving 16q22 are 
listed in Table 3. 

Among the 33 patients with M4Eo, 23 patients had a 
mixture of normal and abnormal mitotic cells. Eighteen 
patients had an inv(16) or a t(16;16) as their sole karyotypic 
abnormality. The remaining 15 patients had additional chro- 
mosomal abnormalities; an extra chromosome 22 was pres- 
ent in six of them (179, R-17, R-24, R-26, R-28, R-29). This 
abnormality was also observed as a nonclonal abnormality in 
two other patients (111, R-2) The next most frequent 
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Fig 2. Partial karyotypes of trypsin-Giemsa-banded meta- 
phase cells showing the translocation 16:16 (two metaphase cells) 
from Patient R-28 and the inverted chromosome 16 (one meta- 
phase cell) from Patient R-26. 
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secondary change was a gain of chromosome 8, which was 
noted at initial diagnosis in four patients (176, R-1, R-25, 
R-26) and at relapse in two others (R-15, R-21). An 
interstitial deletion of the long arm of chromosome 7 was 
observed in three patients (182, 183, 2056), including the 
single patient (UPN 2056) who had received cytotoxic 
treatment for a previous malignant disease. The deletion 
involved different regions in each patient: bands q32q36, 
321931, and q31q34, respectively. With respect to these 
secondary changes, a gain of chromosome 8 and a loss of all 
or part [del(7q)] of chromosome 7 are frequently observed in 
the malignant cells of patients with ANLL. However, the 
apparently high frequency of trisomy 22 present in eight of 
our 33 patients is notable in that we have observed this 
abnormality 1n only five of 403 ANLL patients in the 
absence of an inv(16) or a t(16;16). 

Three patients (60, 179, 2056) who were included in our 
earlier report on 18 patients with an inv(16) were initially 
interpreted to have both an inv(16) and a del(16).! After a 
review of metaphase cells from each of these patients, 
including the preparation of new slides, the karyotypes of all 
three patients were reclassified as having a t(16;16), rather 
than two rearranged 16 homologues arising from an inver- 
sion and a deletion. 

Cytogenetic analysis of bone marrow obtained during 
complete remission in 16 patients (Table 2) showed a disap- 
pearance of the abnormal clone and a return to a chromo- 
somally and histologically normal marrow. Nine patients 
have relapsed; one of these patients (R-26) was initially 
examined by our laboratory only at the time of relapse. The 
remaining eight patients were examined both at the time of 
diagnosis and at the time of relapse. Of these, four patients 
(168, 183, R-19, R-25) had identical karyotypes at both 
analyses, whereas the other four patients (176, R-15, R-21, 
R-28) showed karyotypic evolution at relapse. Two patients 
(R-15, R-21) acquired a gain of chromosome 8 in addition to 
the inv(16) at relapse, and Patient 176 had a t(2;?) (q33;?) 
at relapse that was not observed at the time of diagnosis. 
Finally, Patient R-28 had a t(16;16) and a +22 at diagnosis, 
but at relapse, she had these abnormalities as well as a t(3;9) 
(q23;p24), a del(15)(q13qi5), and a gain of the deleted 
chromosome 15. 

Morphologic features. The 15 patients with M4Eo de 
novo initially diagnosed at the University of Chicago were 
21% of our 73 patients with AMMoL seen between 1970 and 
1985. Patients with either an inv(16) or a t(16;16) showed 
similar morphologic features in the bone marrow and periph- 
eral blood (Table 1). Furthermore, the morphology of the 
leukemia did not differ significantly between those patients 
with an additional chromosome 22 and those lacking a +22. 
All but two patients (R-25 and R-29) with an inv(16) or a 
t(16;16) had all of the typical morphological features of 
AMMoL with abnormal bone marrow eosinophils, charac- 
terized by the presence of eosinophils with large basophilic 
staining granules in Wright-stained aspirate specimens.'? 
These eosinophil abnormalities were not observed in the 58 
other patients with AMMoL seen at the University of 
Chicago in whom an inv(16) or a t(16;16) were not present. 
Patient R-29 had both AMMoL and a t(16;16), but the bone 
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Table 2. Cytogenetic Features of Patients with an inv(16) or a t(16:16) 








Number of 
Patient Metaphase Percent 
No Specimen* Methodt Cells Abnormal Karyotype 
Patients with an inv(16)(p 13q22)§ 
111l BM 24 hr 19 100 46,XX,inv( 16)(p 13922)(9496)/NCA: 
47,XX, --22,inv(16)(696) 
2387 BM Direct 3 0 46,XX/46,XX,nv(16)(p 13922) 
24 hr 13 54 
48 hr 14 71 
80131 BM 24 hr 10 70 46,XY/46,XY inv(16)(p13q22) 
48 hr 12 42 
R-2|| BM 48 hr MTX 16 87 46,XY/46,XY inv(16)(p13922)(8 196)/NCA. 
46,XY, — 15, -22,nv(16)(696) 
R-17 BM 24 hr 19 95 46,XY/47,XY, -22,nv(16)(p 13q22)(85%)/ 
48 hr MTX 1 100 46,XY inv(16)(1096) 
R-18 BM 24 hr 5 80 46,XY/46,XY inv(16)(p 13q22)(56%)/NCA- 
48 hr 11 55 47,XY, 4- mar(696) 
R-19 BM 48 hr 8 100 46,XY inv(16)(p13q22) 
R-201 BM 48 hr MTX 15 93 46,XY/46,XY inv(16)(p 133022) 
R-21 BM 24 hr 9 100 46,XX/46,XX,inv(16)(p13q22) 
48 hr MTX 15 87 
R-22 BM Direct 2 50 46,XX/46,XX,nv(16)(p 13322) 
24 hr 8 75 
PB 48 hr MTX 9 100 
R-23 BM Direct 1 100 46,XY/46,XY inv(16)(p 13422) 
24 hr 11 82 
R-24 BM 24 hr 7 100 46,XY inv(16)(p13922)(8796)/46,XY, — 17,— 17, - 22, 
48 hr 9 100 inv(16), -- der(17)t(17;17)(p13;q2? 1)(1396) 
R-25 BM 24 hr 9 100 46,XX/47,XX, 4-8,inv(16)(p 13022) 
48 hr 8 88 
R-261* BM 24 hr 18 95 46,XX/47,XX, + 8,inv(16)(p13q22)(39%)/ 
48,XX, 4-8, -- 22,inv(16)(5696) 
Patients with a t(16, 16)(p13;q22) 
60||1 BM Direct 26 46 46,XX/46,XX,t(16; 16)(p13;q22) 
179||1 BM 24 hr 40 100 47,XY,+9,t(16, 16)(p13,q22)(11%)/ 
48,XY,+9,+22,t(16;16)(86%)/NCA: 
48,XY,—8,+9,+9,+22,t(16;16)(3%) 
2056| BM 24 hr 24 88 46,XY/46,XY del(7)(q31q34),1(16, 16)(p 13:322) 
R-27 BM 24 hr 14 100 46,XY,t(16, 16)(p13:q22) 
48 hr 13 100 
R-28 BM 24 hr 11 100 47,XX,+22,t(16, 16)(p 13;q22)(95%)/NCA: 
48 hr 11 100 46,XX,t(16;16)(596) 
R-291 BM 24 hr 11 100 46,XY,t( 16; 16)(p13,q22)(73%)/ 
48 hr MTX 11 100 47,XY, 4-22,1(16,16)(2796) 


*BM, bone marrow; PB, peripheral blood 





TDirect refers to direct preparations, 24 hr, cells cultured for 24 hours, 48 hr MTX, cells cultured for 48 hours in phytohemagglutinin-stimulated 


leukocyte conditioned medium and synchronized with methotrexate 
NCA, nonclonal abnormality 


§Karyotypes from 13 patients have been previously published and are not listed here.' 


I Previously published karyotype has been revised.' 


TAnalysis of a subsequent bone marrow specimen obtained during complete remission revealed a normal karyotype. 


"Initial cytogenetic analysis performed only at the time of clinical relapse. 


marrow eosinophils were not increased in number and those 
seen were normal 1n appearance. Abnormal marrow eosino- 
phils were easily identified in Patient R-25, but her leukemia 
was classified as M5b because 8596 of the marrow cells were 
monocytoid. Since many cases in this series were evaluated at 
other institutions, cytochemical reactions and lysozyme mea- 
surements were frequently not available. However, the abso- 
lute peripheral blood monocyte count was less than 5 x 


10°/L in 10 of the 33 patients (30%) with the inv(16) or the 
t(16;16), and we suspect several of these patients would be 
reclassified as M2 if the recently revised FAB criteria were 
used.° 

In contrast to patients with an inv(16) or a t(16;16), bone 
marrow eosinophils were neither increased in number, nor 
were they abnormal-appearing in the patient (UPN 146) 
with the 3;16 translocation or in the three patients (197, 215, 
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Table 3. Cytogenetic Features of Four Patients with a del(16) or a t(3;16) 
Number of Percent 
Patient Metaphase Abnormal 
No Specimen* Method] Cells Cells Karyotypet 
One Patient with a t(3;16)(q24,q22) 
146 BM 48 hr MTX 100 45,XY,—3,— 12, — 16, — 17,del(5)(q23q33), + der(12) 
PB 24 hr 11 100 t(3;12)p14,p13), + der(16]1(3; 16(q24;q22), 4- mar[del(3) 
(p12q11)](2196)/44,XY same, — 18,1(11;7)(p15,?)(6896)/ 
i NCA:46,XY,same clone 1,+21(5%)/44,XY,same clone 2, 
t(X;14)(823;q32)(5 96) 
Three Patients with a del(16)(q22) 
197 BM Direct 2 46,XY/46,XY,del(16)(q22)(1196) 
24 hr 24 
48 hr MTX 2 
215 BM 24 hr 6 46,XY/46,XY,del(16)(q22)(9%) 
PB Direct 2 
24 hr 25 
R-301 BM 24 hr 15 46,XY/46,XY,del{ 16}(q22)(47%)/NCA.47,XY, +mar(6%) 





See Table 2 footnotes. » 


R-30) with a del(16) (Table 4) When first seen, Patient 146 
had refractory anemia with excess blasts in transformation. 
His disease subsequently progressed to frank acute leukemia 
which was classified as AMMoL. Patient 197 had a previous 
diagnosis of chronic myelomonocytic leukemia (CMMoL), 
which evolved into AMMoL after one year. The initial bone 
marrow biopsy from Patient 215 performed at another 
institution showed CMMoL. Upon admission to the Univer- 
sity of Chicago, bone marrow necrosis was observed. Addi- 
tional biopsies obtained after the initiation of therapy showed 
acute leukemia. The bone marrow from Patient R-30 showed 
a leukemic process in which the promonocyte was the 
predominant cell type. His leukemia was classified as M5b. 
It is of interest that three of the four patients with a del(16) 
or the 3;16 translocation had evidence of a myelodysplastic 
process prior to the onset of acute leukemia. In addition, each 
of these four patients had a leukemic process with monocytic 
participation. 

Response to treatment. Thirty-two patients with an 
inv(16) or a t(16;16) received intensive remission induction 
chemotherapy using cytarabine infusion with or without an 
anthracycline drug plus other agents. Twenty-five patients 
(78%) achieved a complete remission (CR), and most of 
these patients were in remission after the initial treatment 
course. In one patient (R-23), CR was achieved only after 


allogeneic bone marrow transplantation following several 
unsuccessful attempts with conventional chemotherapy. 
Patient 2056 with therapy-related acute leukemia (t-ANLL) 
achieved CR after a single six-day course of high-dose 
cytarabine (HDAC). Two patients died within 2 weeks of 
diagnosis and treatment, and five patients died during the 
initial period of marrow hypoplasia (3 from sepsis [S aureus, 
E coli, Candida], one from intracranial hemorrhage, and one 
from renal and hepatic failure). One patient (R-1) declined 
to receive chemotherapy and died of pneumonia 2 weeks 
after diagnosis. 

The median duration of remission for all 25 patients will 
be longer than 65 weeks as 15 patients remain in first CR 
(Fig 3). Two patients have died in remission. Patient 111 
died from intracranial hemorrhage while thrombocytopenic 
following consolidation chemotherapy. Patient 2056 died of 
preexistent metastatic colon carcinoma. Eight patients have 
relapsed with a median duration of first remission of 63 
weeks (range, 35 to 91 weeks). All but one have achieved a 
second remission, and five of these patients are still living. 
Patient R-15 had a second remission of 6 months, and 
Patient 168 had a second remission of 8 months, both 
eventually died with progressive leukemia. Patient R-21 died 
of complications following bone marrow transplantation. 

Most patients received additional postremission chemo- 


Table 4. Clinical and Pathological Characteristics of Four Additional Patients with a del(16)(q22) or a t(3;16) 





Bone Marrow 








Peripheral Blood Eosinophils 
White Blast Mono-  Eosm- Cellu- Blast Abnormal | Monocytic 
Patient Hemoglobin Platelets Cells forms cytes ophils lanty forms Total Granules Cells 

No Age/Sex Diagnosis g/dL x 107°/L x 107°/L % 96 9; 96 96 96 96 % 
One patient with a t(3, 16)(q24,q22) 

146 72/M MDS— M4 9.3 59 5.5 48 4 1 90 33 5 0 2 
Three patients with a del(16)(q22) 

197 78/M CMMoL — M4 10.6 117 752 1 40 1 100 22 1 0 50 

215 63/M CMMoL — M4 110 70 33 1 2 40 o 100 <30 0 0 4 

R-30 19/M M5b 7.8 71 249 3 NA 10] NA 39 o (0) 80 


Abbreviations: MDS, myelodysplastic syndrome, CMMoL, chronic myelomonocytic leukemia; M4, acute myelomonocytic leukemia; M5b, acute 
well-differentiated monocytic leukemia, NA, not available. Monocytic cells include monoblasts, promonocytes, and monocytes 
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Fig 3. Curves showing the duration of first remission for 
patients with an inv(16) or a t(16;16) compared to all other 
patients with AMMoL (M4) treated at the University of Chicago. 
The duration of remission was significantly longer in patients with 
these specific abnormalities of chromosome 16 than in all other 
M4 patients (P = 0.02). 


therapy. Eight patients received at least two courses of 
high-dose cytarabine (2 to 3 gm/m?) for consolidation, and 
only one of these patients (UPN 183) has relapsed. This 
latter patient was put back into a durable CR with a single 
course of HDAC. Of the eight patients who have had a 
relapse, six were treated at that time with HDAC, and all six 
regained CR. One patient regained CR with a cytarabine- 
anthracycline-thioguanine regimen. Of interest, two patients 
have had unmaintained second CRs lasting longer than 80 
weeks after receiving only a single course of HDAC for 
reinduction therapy and then no further therapy. 

The median survival for all 32 treated patients is longer 
than 66 weeks, and the median survival for those 25 patients 
who had a CR is longer than 104 weeks (Fig 4). Nine 
patients have been in unmaintained remission longer than 2 
years after diagnosis and may be free of residual disease, 
since the latest observed relapse has been at 91 weeks. 
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Fig 4. Overall survival curves for ali 33 patients with an 


inv(16) or a t(16:16) compared to all other patients with AMMoL 
(M4) treated at the University of Chicago. There was no significant 
difference in survival between the inv(16) and the t(16;16) groups. 
However, the survival of these two groups was significantly better 
than that of ali other M4 patients (P — 0.01). 
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During this same period (1970-1985), AMMoL de novo 
was diagnosed in 58 other patients at the University of 
Chicago. None of these patients had abnormal eosinophils, 
nor did they have any abnormalities of chromosome 16. 
Using similar chemotherapy regimens, 21 patients (36%) 
achieved a CR, but only five (9%) are currently living. The 
median duration of first remission was 33 weeks, and the 
median survival for the whole group was 29 weeks. Only four 
patients were still in remission after 2 years, and one of these 
relapsed after five years. 

Other patients with a breakpoint at 16022. We have 
studied four other patients, not included in the above analy- 
ses, in whom bone marrow metaphase cells had a breakpoint 
at 16922. Their clinical and morphologic findings are listed 
in Table 4, and their karyotypes are listed in Table 3. All four 
were men. Three had a del(16)(q22) but did not have a 
rearrangement of 16p. Two of these patients (197, 215) were 
older men (78 and 63 years old, respectively) who had had a 
primary myelodysplastic syndrome (chronic myelomono- 
cytic leukemia) for several months before the development of 
AMMoL. The third patient with a del(16)(q22) was young 
(19 years old) and had well-differentiated acute monocytic 
leukemia (M5b) at initial presentation. The fourth man was 
72 years old and had also had a myelodysplastic syndrome 
prior to developing AMMoL. His bone marrow karyotype 
had a t(3;16)(q24;q22) and a del(5)(q23q33) among other 
abnormalities. The short arms (16p) of both chromosomes 16 
were normal. None of these four patients had morphologi- 
cally or cytochemically abnormal eosinophils, nor were their 
eosinophils increased in number in peripheral blood or mar- 
row. The youngest patient achieved a CR with conventional 
cytarabine and anthracycline chemotherapy. One year later 
he had a relapse, but he regained CR with HDAC. Of the 
three elderly patients, one (146) was not treated, and the 
other two received low-dose cytarabine therapy (20 mg/ 
m?/day) but failed to respond. One of the latter two patients 
(215) subsequently also failed to respond to HDAC thera- 
py. 


DISCUSSION 


We have reported on 27 patients with an identical peri- 
centric inversion of chromosome 16 and six additional 
patients with a translocation involving both chromosome 16 
homologues. This translocation is notable because it involves 
the same breakpoints on the long and short arms of the 
chromosome 16 homologues as does the inversion and, there- 
fore, results in a similar juxtaposition of DNA) All but two 
patients had the identical morphological and cytochemical 
features of AMMoL with abnormal eosinophils (M4Eo). In 
one of these, abnormal eosinophils could not be identified, 
and in the other, the leukemia was classified as M5b due to 
the presence of 85% monocytoid cells in the marrow. Asa 
group, these patients have had a good response to intensive 
chemotherapy programs with no discernible differences 
between the two cytogenetic forms. 

As mentioned above, we have subclassified these patients 
morphologically, using the FAB criteria for AMMoL pub- 
lished in 1976.'* Using this classification, all but one patient 
(UPN R-25, who had 85% monoblasts, promonocytes, and 
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monocytes in the marrow aspirate) clearly met the criteria 
for AMMolL, ie, between 20% and 80% monocytoid cells in 
the marrow and/or blood. The most recently proposed 
revised criteria for M4 from the FAB Group may not 
accommodate all such cases with an inv(16) or a t(16;16), 
since several of our cases would have been classified as M2 
(acute myeloblastic leukemia with maturation) using the 
later criteria? Nevertheless, the eosinophil abnormality and 
the clear-cut evidence of monocytic involvement still provide 
morphologic homogeneity for this subgroup of leukemia 
patients with a consistent chromosomal abnormality. A 
similar situation exists with acute promyelocytic leukemia in 
which the presence of a t(15;17)(q22;q21) accurately identi- 
fies every case, including both the hypergranular and the 
microgranular variants. 

In support of our hypothesis that the juxtaposition of DNA 
from both 16822 and 16p13 is required for this distinct 
phenotype, we have presented data on four additional 
patients with different clinical and morphological features. 
Each of these patients also had a breakpoint at 16922, but 
16p13 was not involved in any case. In contrast to the 
patients with an inv(16) or a t(16;16), all of whom presented 
with ANLL de novo (except one who had t-ANLL), three of 
the four additional patients had a primary myelodysplastic 
syndrome which later transformed to AMMoL. These three 
individuals were elderly men and were not candidates for 
intensive chemotherapy. Of note, in the recent series 
reported from the M.D. Anderson Hospital, the single 
patient (their #23) with a del(16q) was a 78-year-old woman 
with a prior myelodysplastic syndrome.'* None of our four 
additional patients had the abnormal eosinophils with an 
admixture of large basophilic granules characteristic of the 
inv(16) and the t(16;16), nor were the marrow eosinophils 
increased in number as has been reported by other investiga- 
tors who have described patients with ANLL and 
del(16)(q22).3 

Whether recognized by its distinctive morphology or by its 
two consistent cytogenetic abnormalities, AMMoL with 
abnormal eosinophils identifies a group of patients with a 
good prognosis Seventy-eight percent of the M4Eo patients 
described in this paper have achieved a complete remission 
following induction chemotherapy. Following intensive con- 
solidation regimens using chemotherapy or marrow trans- 
plantation, remissions appear to be durable, and nine 
patients have remained in remission for more than 2 years 
after diagnosis. Both remission duration and survival were 
significantly longer for these M4Eo patients than for the 58 
other AMMoL patients who did not have abnormalities of 
chromosome 16 and were treated during the same time 
period (Figs 3 and 4). Of the 67 patients with M4Eo reported 
to date in the literature, 54 (81%) have entered complete 
remission, and 38 (57%) were still alive at the time of 
reporting. '^6?.16 

Complications of CNS leukemia were not frequent among 
our patients in direct contrast to a recent report from the 
M.D. Anderson Hospital.!6 Six of 25 patients (24%) reported 
on by Holmes et al developed intracerebral myeloblastomas. 
None of our 33 patients have had such a finding. Six of our 
16 patients who had a lumbar puncture performed at initial 
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diagnosis had a few leukemia blast cells in the CSF, although 
none had neurological symptoms. In every case, the CSF was 
free of leukemia following systemic induction chemotherapy 
by the time the marrow was in remission. Specific intrathecal 
therapy was not employed Many of our patients received one 
or more courses of high-dose cytarabine after remission, and 
since this regimen produces cytotoxic drug levels within the 
CSF, this may be directly responsible for our low rate of 
CNS leukemic relapse. 

Clonal abnormalities can now be detected cytogenetically 
in most, if not in all, patients with ANLL, and more subtle 
clonal abnormalities are no doubt present in other patients at 
the molecular level. With improvements in chemotherapy 
and supportive therapy, the presence or absence of a detect- 
able cytogenetic abnormality is no longer in itself predictive 
of the achievement of a complete remission. However, at the 
Fourth Workshop, prognostic significance for remission 
duration, and thus survival, appeared to reside in specific and 
recurring abnormalities.* For example, patients with a 
t(15;17) or a t(8;21), had a longer survival than did those 
with a del(5q) or a loss of No. 5. As evidence accumulates 
that patients with a “favorable” malignant clone may have 
extended survival and perhaps cure with intensive but con- 
ventional chemotherapy programs, it may become reason- 
able to exclude such good prognosis patients from more 
experimental therapies, such as allogeneic marrow trans- 
plantation, during first remission. 

These unique chromosomal rearrangements and the clini- 
cal entity described in this report assume added importance 
because of recent results of genetic analysis of translocation 
breakpoints and because of our increasing understanding of 
cellular transforming genes. We have previously shown that 
the breakpoint at 16q22 splits the metallothionein gene 
cluster.? This family of low molecular weight proteins func- 
tions to regulate trace metal metabolism and to protect 
against heavy metal toxicity. Myeloid cells, particularly 
eosinophils and other granulocytes and monocytes, have high 
concentrations of zinc and zinc metalloenzymes. Other 
metal-ion binding and transporting proteins, such as trans- 
ferrin and transferrin receptor, also seem to have a regula- 
tory role in the proliferation of certain cells. Pertinent to this 
discussion is our recent observation that the rearrangements 
of chromosome 3, inv(3) and t(3;3), seen in some patients 
with ANLL and thrombocytosis brings into close proximity 
the transferrin gene at 3921 with the transferrin receptor 
gene at 3926.7. 

Exactly how rearrangements of DNA from both 16p13 
and 16q22 are associated with the clonal expansion of 
malignant myeloid cells awaits a better understanding of the 
genes present at these breakpoints. Metallothioneins may 
have an important role in granulocyte and monocyte differ- 
entiation. It is noteworthy that the specific morphologic 
abnormality associated with this leukemia is the accumula- 
tion of eosinophils with immature and dysplastic granules in 
the bone marrow. Alternatively, a metallothionein gene 
may play a different role, one in which its transcriptional 
control elements are involved in the activation of an as yet 
unidentified cellular gene located on 16p13 whose function is 
analogous to that of a cellular oncogene. Future work may 
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answer these questions. For the present, it is important to 
recognize that patients with the M4Eo phenotype may have a 
favorable prognosis with currently available therapies. 
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Extracellular Deposition of Eosinophil Granule Major Basic Protein 
in Lymph Nodes of Patients With Hodgkin's Disease 


By J.H. Butterfield, G.M. Kephart, P.M. Banks, and G.J. Gleich 


Lymph nodes from each of the four histologic types of 
Hodgkin's disease were examined for the presence of 
eosinophils and for eosinophil degranulation by immuno- 
fluorescent localization of eosinophil granule major basic 
protein (MBP). Eosinophil degranulation shown by MBP 
deposition outside of eosinophils was found in six of eight 
nodes from patients with nodular sclerosing disease and in 
two of eight nodes from patients with lymphocyte deple- 
tion-type disease. Three nodes of the mixed cellularity 
type, one node of the lymphocyte predominance type, and 
one lymph node of the lymphocyte depletion type showed 
one or two small foci of extracellular MBP deposition. 


OSINOPHIL INFILTRATION into lymph nodes of 

patients with Hodgkin's disease was first noted nearly 
100 years ago.' A review published in 1902 described lymph 
node eosinophilic infiltration in three fourths of the cases of 
Hodgkin's disease and noted that the lymph node involve- 
ment by eosinophils occurred without a parallel rise in 
circulating eosinophil numbers.’ It has been suggested that 
eosinophils may be part of the inflammatory response to 
Hodgkin's disease. Evidence for this hypothesis has been 
provided by the finding that supernatants of lymph node 
cultures from five of six cases of Hodgkin's disease were 
relatively more chemotactic for peripheral blood eosinophils 
than for neutrophils. In contrast, two supernatants from 
lymph node cultures of lymphocytic lymphoma and from 
four nodes showing reactive hyperplasia were chemotactic 
predominantly for neutrophils.? 

Because of our interest in the function of eosinophils and 
eosinophil proteins, we examined lymph nodes from patients 
with Hodgkin's disease for evidence of eosinophil granule 
major basic protein (MBP) deposition. We found large 
deposits of extracellular MBP in six of eight nodes having 
nodular sclerosing histology and two of eight nodes of 
lymphocyte depletion histology. 


MATERIALS AND METHODS 


Formalin-fixed, paraffin-embedded lymph node tissue specimens 
were obtained from the tissue registry of the Mayo Clinic Six- 
micron-thick sections were cut and the tissue applied to glass 
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Lymph nodes from patients without Hodgkin’s disease 
showed no extracellular deposition of MBP. Large numbers 
of eosinophils were found in seven of eight nodes of the 
nodular sclerosing variant, but were less frequently seen 
among the other types of Hodgkin's disease. The presence 
of extracellular MBP in lymph nodes of patients with 
Hodgkin's disease indicates that eosinophil degranulation 
commonly occurs and suggests that the released eosino- 
phil granule proteins may participate in the inflammatory 
reaction in this disorder more extensively than is presently 
appreciated. 

e 1986 by Grune & Stratton, Inc. 


microscope slides with LePage's Fast Bond glue Immunofluorescent 
staining for MBP was performed as described previously using a 
two-step procedure employing affinity-purified antibody to MBP; 
protein A—purified normal rabbit IgG was used as the negative 
control.** Hematoxylin-eosin (HE)-stained slides were examined 
for histologic confirmation of Hodgkin’s disease classification. 

The slides were examined and photographed using a Zeiss micro- 
scope (Carl Zeiss, Oberkochen, FRG) equipped with both standard 
light and fluorescence systems After photographing the immuno- 
fluorescence findings, certain of the sections stained with anti: MBP 
were submerged in phosphate-buffered saline to remove the cover- 
slip and restained with HE for histologic examination of the fluores- 
cent areas. 

To test the possibility that tissue manipulation caused eosinophil 
degranulation and MBP release, a lymph node was obtained at the 
time of biopsy from an additional, ninth, patient with nodular 
sclerosing Hodgkin’s disease. The lymph node was cut in half, and 
one piece was intentionally crushed several times by finger pressure. 
The two halves of the node were then fixed, embedded, and stained in 
identical fashion 


RESULTS 


The results are shown in Table 1 and Figs 1 and 2. Table 1 
indicates that the nodular sclerosing type showed marked 
eosinophil infiltration and striking eosinophil degranulation. 
The Figures show that three general patterns of staining 
were evident: (1) infiltration by intact eosinophils with no 
extracellular deposition of MBP, (2) areas showing both 
intact eosinophils and extracellular staining for MBP, and 
(3) areas showing extracellular deposition of MBP without 
the presence of any intact eosinophils. In a given lymph node 
one or more of these patterns could be observed (Figs 1 and 
2). Of interest is the finding of extracellular MBP deposition 
in a “moth-eaten” pattern (Fig 2C); careful inspection of the 
MBP deposition showed that it outlined apparently intact 
cells within the tissue. 

Lymph nodes from patients having the nodular sclerosing 
type of Hodgkin's disease showed large numbers of eosino- 
phils as well as areas of extracellular MBP. Charcot-Leyden 
crystals, additionally, were noted in two nodular sclerosing 
lymph nodes The other types of Hodgkin’s disease, espe- 
cially the mixed-cellularity type, occasionally showed eosino- 
phils scattered throughout the lymph node. However, areas 
of extracellular MBP were rare, and when found, were small 
and localized save for two lymph nodes of the lymphocyte 
depletion type. These two nodes also showed large areas of 
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Table 1. Summary of Staining Patterns 











Eosinophils in Radiation Staining 
Type of Diagnosis Peripheral Blood Chemotherapy at Biopsy Site Biopsy! Extracellular 
Hodgkin's Disease Sex Age or Stage (96) Before Biopsy? Before Biospy? Site Date Eosinophils* Deposits 
Nodular sclerosis 
Patient 1 M 23 IIB 1 yes yes sc 1984 1+ rare 
Patient 2 F 41 IA 0 no no neck 1984 3+ large 
patches 
Patient 3 M 37 IA NA no no SC 1984 2+ fine granular 
deposits 
Patient 4 M 27 NA 0 no no SC 1984 34 small areas 
at edges 
of node 
Patient 5 M 28 IIA 9-13 yes yes axilla 1979 3+ large bright 
` areas 
Patient 6 F 33 1A 0 yes yes neck 1979 34 bright areas 
Patient 7 F 39 IA NA no no neck 1984 3+ large bright 
areas 
Patient 8 M 27 IV 3 no no neck 1984 3+ large 
patches 
Lymphocyte predominance 
Patient 1 M 60 IA 2 no no neck 1982 3+ no 
Patient 2 M 77 HA 0.2 no no neck 1983 1+ no 
* Patient 3 M 25 ^ IIA 0 no no neck 1982 o no 
Patient 4 M 29 IA 2 no no SC 1979 14 small area 
Patient 5 F 21 IIA 5 no no inguinal 1984 o no 
Patient 6 M 50 NA 0.9 no yes axılla 1979 o no 
(recurrence) 
Patient 7 M 10 lA 2 no no neck 1979 1+ no 
Patient 8 F 31 NA 0 no yes neck 1980 1+ no 
(recurrence) 
Mixed cellularity 
Patient 1 F 63 NA NA no no neck 1984 3+ no 
Patient 2 F 40 NA 5 no no neck 1983 2+ no 
Patient 3 F 33 Vor IIB 5 yes yes axilla 1976 3+ few small 
foci 
Patient 4 M 75 IVB 2 no 2 no neck 1983 1+ no 
Patient 5 M 20 Ill or IVB 1 no no axilla 1983 i+ no 
Patient 6 F 18 MN 4-13 no no scalene 1979 1+ few small 
foci 
Patient 7 M 80 lA 0 no no neck 1984 1+ no 
Patient 8 M 21 IA NA no no neck 1982 3+ few small 
foci 
Lymphocyte depletion 
Patient 1 M 83 IIIB 0 no no neck 1981 1+ few small 
foci 
Patient 2 M 15 INA 1 no no neck 1980 o no 
Patient 3 M 69 IV 2 no no neck 1980 1+ no 
Patient 4 M 37 NA 2-5 no no neck 1980 1+ no - 
Patient 5 F 69 IVB 0-1 no no SC 1980 3+ diffuse gran- 
ular de- 
posits 
Patient 6 F 74 IIA NA no no parotid 1983 0 no 
Patient 7 M 24 IIA 1 yes yes axilla 1975 [e] no 
Patient 8 M 14 IIIB 1 no no sc 1980 34+ large areas 
Controls 
Patient 1 NA NA normal NA no no neck 1984 0 no 
Patient 2 M 19 Burkitt's 3 no no ileum 1980 0 no 
Patient 3 M 62 Burkitt's 0-1 no no axilla 1979 0 no 
Patient 4 M 33 B cell lym- 4-7 no no axilla 1975 14+ no 
phoma 
Patient 5 M 13 idiopathic 0-1 no no axilla 1977 1+ no 
follicu- a 
lar hy- 
perpla- 


sia 
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Table 1. continued 
Eosinophils in Radiation Biopsy Staining 
Type of Diagnosis — Peripheral Blood Chemotherapy at Biopsy Site —— ———— 3 Extracellular 
Hodgkin's Disease Sex Age or Stage (96) Before Btopsy? Before Biospy? Site Date Eosinophils * Deposits 
Patient 6 F 28 follicular, 1 no no sc 1982 1+ no 
small 
cleaved 
cell 
lym- 
phoma 
Patient 7 F 52 mastec- NA no no axilla 1981 14 no 
tomy 
Patient 8 M 38 sarcoid 0-1 no no SC 1984 0 no 
Patient 9 F 45 mastec- NA no no axilla 1984 2+ no 
tomy 
Patient 10 F 48 mastec- NA no no axilla 1984 24 no 
tomy 
Patient 11 F 56 mastec- 0 no no axilla 1985 1+ no 
tomy 





Abbreviations SC, supraclavicular, NA, not available or not determined 


*0, no eosinophils, 1+, few eosinophils; 2+, eosinophils conspicuous, 3+, dense eosinophil infiltration 


MBP deposition. All lymph node sections incubated with 
protein A-purified rabbit IgG were negative. HE restaining 
of lymph nodes with extracellular MBP deposition showed 
that these areas often contained cell debris and/or degener- 
ating cells with pyknotic nuclei. It is noteworthy that the 
degree of eosinophil infiltration or presence of extracellular 
MBP was not related to the peripheral blood eosinophil count 
(Table 1). 

Eleven slides consisting of one normal lymph node as well 
as lymph nodes from two cases of Burkitt's lymphoma, one 
case of diffuse immunoblastic lymphoma of B cell phenotype, 
one case of follicular small cleaved cell lymphoma, one case 
of sarcoidosis, four cases of hyperplastic normal axillary 
lymph node tissue from mastectomy cases, and one case of 
idiopathic follicular hyperplasia revealed no extracellular 
MBP staining even though eosinophils were present (Table 
1). 

Examination of the traumatized and untraumatized 
halves of the nodular sclerosing node failed to reveal any 
difference in extracellular staining by MBP. In addition, 
intact eosinophils were numerous in both the crushed and 
noncrushed halves. 


DISCUSSION 


Few studies have dealt with eosinophil involvement in 
Iymph nodes of patients with Hodgkin's disease. The degree 
of eosinophil infiltration may be variable? and foci of 
eosinophils, neutrophils, and/or plasma cells in lymph nodes 
may be an early indication of Hodgkin's disease." The 
presence of unique “small-type cytoplasmic granules" in the 
mature eosinophils infiltrating human lymph nodes and 
spleen involved by Hodgkin's disease has been reported The 
small granules differed from and often outnumbered typical 
eosinophil crystalloids and were absent from early eosinophil 
forms in the bone marrow. In a review of 327 biopsies of 
lymph nodes from patients with Hodgkin's disease, eosino- 


phil infiltration amounting to more than 50% of the cell 
population was found in ten cases." Among these ten cases, 
four patients had the nodular sclerosing type, four had the 
lymphocyte depletion type, one had features of both nodular 
sclerosing and mixed cellularity, and one had nodular scle- 
rosing in association with lymphocyte depletion. Patients 
having lymph node eosinophil infiltration experienced signif- 
icantly shorter survivals than did controls. In another series 
45 lymph node specimens from 38 patients with Hodgkin's 
disease and five cervical lymph nodes from patients with 
reactive follicular hyperplasia were examined. No significant 
difference was found between the percentages of eosinophils 
in reactive follicular hyperplasia nodes (0%) and the percent- 
ages of eosinophils in lymphocyte predominance nodes (x = 
0.25%); however, significant increases in the percentages of 
eosinophils were found in nodular sclerosing nodes (x = 
13.2%, P < .02) and lymphocyte depletion nodes (x = 22.6%, 
P < .001).? The presence of eosinophils in lymph nodes of 
young patients proved to be the feature with the most 
discriminating power in separating younger-age (15 to 34 
years) patients with Hodgkin’s disease from the cohort of 
Hodgkin’s patients over the age of 50 years.'* Increased 
numbers of eosinophils and Reed-Sternberg cells and a high 
score for the extent of lymph node fibrosis were all features 
of nodular sclerosing Hodgkin's disease.'* 

Here we report that lymph nodes with nodular sclerosing 
morphology showed the heaviest infiltration with eosinophils 
and the most pronounced extracellular deposits of MBP. 
Although lymph nodes from other histologic classes did show 
eosinophils, extracellular MBP deposition was limited to 
small areas except in two lymph nodes from patients with the 
lymphocyte depletion type. Extracellular MBP deposition 
was not due to artifactually induced eosinophil degranulation 
because a lymph node intentionally traumatized prior to 
fixation, embedding, and staining did not show an increase in 
MBP deposition. Although the node was purposely com- 
pressed repeatedly by finger pressure, numerous intact eosin- 
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Fig 1. Lymph node from a patient with nodular sclerosing Hodgkin's disease. (A) Immunofluorescent stain of an area showing the 
presence of intact eosinophils as well as extracellular deposition of MBP. Original magnification x 100. (B) Enlargement of (A) 
eosinophils are indicated by arrows. Extracellular MBP can be seen surrounding and outlining other cells in the node. Original magnifica 
tion x 400. (C) HE counterstain of the identical tissue specimen present in (A) showing the inflammatory cellular infiltrate present. Intact 
eosinophils are not readily apparent. Original magnification x 100. (D) HE counterstain of (B) showing round cell infiltrate present in the 
region having extracellular MBP deposition. Intact eosinophils are indicated by arrows. Original magnification x 400. (E) Negative control 
Serial section of identical tissue to (A) stained with normal rabbit IgG and showing the absence of nonspecific staining. Original 
magnification x 100. (F) Negative control. Serial section of identical tissue as is shown in (B) stained with normal rabbit IgG and showing 


the absence of nonspecific staining. Original magnification x 400. 


Intact 


ophils were present. This indicates that mechanical factors helminths,” and human tracheal epithelial cells." MBP is 

were not responsible for release of MBP found in high concentrations in the sputum of patients with 
^s the functions of eosinophils have been elucidated, a bronchial asthma and in the blood of patients witl 

better appreciation of this cell's role in the immune system philia.??? Although it is not known whether MBP is toxic 

has evolved. MBP, a low-molecular-weight protein forming Hodgkin's disease lymphocytes, eosinophils ar ipable of 

the core of the eosinophil granule,'^ is toxic to murine tumor killing antibody-coated tumor cells,* and MBP 


cells, guinea pig spleen cells, human mononuclear cells, human mononuclear leukocytes." We have not pr usl 





Fig2. Sections taken from a second patient with nodular sclerosing Hodgkin's disease show the three patterns of staining noted. All 
original magnifications x 400. (A) Immunofluorescent staining with anti-MBP demonstrates numerous intact eosinophils with minimal 
extracellular staining. (B) HE restain of (A) confirms the presence of numerous eosinophils (arrow). (C) Immunofluorescent staining of a 
different region of same lymph node shows few intact eosinophils (arrow). In contrast, considerable extracellular MBP deposition yielded a 
moth-eaten appearance. (D) HE restain of (C) demonstrating intact eosinophil (arrow) but giving no indication of the presence of 
extracellular MBP deposition. (E) Enlargement of (C) showing two intact eosinophils as well as granular deposition of MBP around the 
margin of a cell (small arrows). Other cells outlined by MBP appear as dark holes on a background of bright immunofluorescence. (F) 
Enlargement of (D) showing the location of the intact eosinophils as well as numerous mononuclear cells that are surrounded by MBP on 
(E). There is no indication of the striking MBP deposition on this HE-stained slide. (G) Immunofluorescent staining demonstrates an area of 
extracellular MBP in a region lacking intact eosinophils. (H) HE restain of (G) showing the presence of cells with pyknotic nuclei, nuclear 
remnants, and debris. No intact eosinophils are seen. 
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observed the moth-eaten appearance of tissue shown in Fig 
2C. This appearance is evidently caused by MBP deposition 
around cells in the tissue outlining the margins of the cells. 
Because MBP is toxic to lymphocytes, this pattern of deposi- 
tion suggests that these labeled cells may be under attack by 
eosinophils through MBP. One could hypothesize a chain of 
inflammatory events proceeding in such lymph nodes begin- 
ning with infiltration by eosinophils (Figs 2A and 2B), 
followed by degranulation of eosinophils with deposition of 
granule products on the surface of cells (Figs 2C through 
2F), and terminating with cell death occurring in a "sea" of 
MBP in the absence of intact eosinophils (Figs 2G and 2H). 
The presence of extracellular MBP in Hodgkin's disease 
lymph nodes signals a more common and extensive participa- 
tion of eosinophils in the cellular infiltrate of these nodes 
than would be appreciated by standard staining methods and 
suggests that eosinophils and their products cause cell dam- 
age in Hodgkin's disease. 

The reason why eosinophil degranulation was not invari- 
ably associated with eosinophil infiltration is obscure, but the 
discrepancy could reflect the influence of eosinophil-activat- 
ing factors derived from mast cells, monocytes, and T 
lymphocytes./5?' These factors, alone or in combination, 
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could determine whether the eosinophil degranulates. Also, 
our studies provide a view of eosinophil degranulation at a 
single time point, and the possibility exists that sequential 
studies might show the sequence of events, seen in Fig 2, of 
eosinophil infiltration, followed by eosinophil degranulation, 
and culminating in apparent cell necrosis. In addition, 
although we have localized MBP in this study and have 
stressed its potential role in the presumed cell death, as 
shown by Figs 2G and 2H, we recognize that other eosinophil 
proteins are also likely released, including the eosinophil 
peroxidase that in conjunction with H,O, and halide is toxic 
to tumor cells” and eosinophil-derived neurotoxin and 
eosinophil cationic protein, which are toxic to cerebellar 
Purkinje cells. Finally, the control lymph nodes from patients 
undergoing mastectomy, as well as the nodes from patients 
with the mixed cellularity and lymphocyte predominance 
forms of Hodgkin's disease, while demonstrating eosinophil 
infiltration, do not show evidence (or at most, slight 
evidence) of eosinophil degranulation. Thus, nodes from 
patients with the nodular sclerosis form of Hodgkin's disease 
differ from the others in ways that we do not presently 
understand. 
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The Influence of Purified Recombinant Human Heavy-Subunit and Light-Subunit 
Ferritins on Colony Formation In Vitro by Granulocyte-Macrophage 
and Erythroid Progenitor Cells 


By Hal E. Broxmeyer, Li Lu, David C. Bicknell, Douglas E. Williams, Scott Cooper, Sonia Levi, 
Jochen Salfeld, and Paolo Arosio 


Purified recombinant human heavy subunit (rHF, acidic) 
and recombinant human light subunit (rLF, basic) ferritins 
were assessed for their effects in vitro on colony formation 
by normal human granulocyte-macrophage (CFU-GM) and 
erythroid (BFU-E) progenitor cells. The purity of the sam- 
ples was confirmed by electrophoresis in both nondenatur- 
ing and denaturing conditions and silver staining. Concen- 
trations of 10? to 10°'° mol/L rHF caused an ~40% 
significant decrease in colony formation. Some significant 
activity was detected at 107" mol/L, and activity was lost 
at 10^ " mol/L. in contrast, rLF had no significant activity at 
10? to 10^'* mol/L. rHF was significantly active against 
mouse bone marrow CFU-GM to concentrations as low as 
10? to 10^? mol/L. The inhibitory activity of rHF was 


ERRITINS are metal-binding proteins with 24 sub- 
units.'? Isotypes of ferritin exist and are composed of 
varying proportions of heavy (H) subunits, with molecular 
weights of approximately 21,000, and light (L) subunits, 
with molecular weights of approximately 19,000. The more 
acidic isoferritins (AIF) are composed of a greater propor- 
tion of H to L subunits, and the more basic isoferritins are 
composed of a greater proportion of L to H subunits.*“ 

We reported a role for AIFs as suppressor molecules of in 
vitro myeloid colony formation from granulocyte-macro- 
phage (CFU-GM), erythroid (BFU-E), and multipotential 
progenitor cells based on the use of purified preparations of 
natural AIF and the capacity of both polyclonal and mono- 
clonal antibodies, which recognize AIFs, to inactivate the 
inhibitory effects of AIFs.°°? Others have substantiated the 
suppressive effects of AIF by using our preparation of 
chronic myelogenous leukemia-spleen AIF,'*"' but our pro- 
posed role for AIF has been questioned by one group." We 
have commented on their discussion of the characteristics of 
AIF and our noted inhibitory activity," and on their data and 
interpretations.'* Recently our results have been supported 
by data from several different groups of investigators.'* "" 

It was our belief that definitive proof for the suppressive 
activity of AIF in vitro would require the use of purified 
preparations of recombinant ferritins. The complementary 
(c) and genomic DNAs coding for ferritin H- and L-subunits 
have been cloned and sequenced. ?* The cDNAs coding for 
the two subunits have also been cloned in vectors for overpro- 
duction in Escherichia coli.?? The two peptides are 
expressed with high efficiency and readily assemble into full 
ferritin molecules that have been characterized." ? This 
offered us the opportunity to determine whether the recombi- 
nant H- or L-subunit ferritins had suppressive activity. Our 
results reported here demonstrate that purified recombinant 
human H-subunit ferritin (rHF), but not recombinant L- 
subunit ferritin (rLF), inhibits colony formation by bone 
marrow CFU-GM and BFU-E in vitro in the presence or 
absence of serum, monocytes, and T lymphocytes. 
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inactivated with three different monoclonal antibodies 
recognizing the heavy subunit of ferritin, but not with two 
monoclonal antibodies recognizing the light subunit of 
ferritin. The inhibitory activity of rHF was similar in the 
absence or presence of serum, monocytes, and T lympho- 
cytes. We and others have shown an association of a 
glycosylated natural acidic isoferritin (AIF) with inhibitory 
activity, but since the rHF was expressed in Escherichia 
coli and did not bind to concanavalin A, glycosylation of AIF 
is not an absolute prerequisite for this activity. These 
results demonstrate that rHF has suppressive activity in 
vitro and substantiate our original observations using puri- 
fied natural acidic isoferritins. 

e 1986 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Cells and cell separation procedures. Bone marrow cells were 
obtained from normal healthy donors who had given informed 
consent. The cells were separated by Ficoll-Hypaque (density, 1.077 
g/cm^; Pharmacia Fine Chemicals, Piscataway, NJ) into a low- 
density population. Nonadherent low-density cells were obtained 
after adherence of cells to plastic tissue culture dishes (35 mm, 
Corning Glass Works, Corning, NY) in culture medium containing 
10% fetal bovine serum (FBS, Hyclone, Logan, UT) for 1.5 hours at 
37 *C. Nonadherent cells were collected by gently swirling the dishes 
and slowly pipetting off the culture medium. Nonadherent low- 
density cells were treated with neuraminidase-treated sheep erythro- 
cytes to remove T lymphocytes. The purity of blood cells types was 
determined either by staining with Wright-Giemsa and nonspecific 
esterase or by the monoclonal antibodies OKT3 and OKTI la (Ortho 
Diagnostic Systems, Inc, Raritan, NJ), which recognize T lympho- 
cytes, by using immunofluorescence with a fluorescence-activated 
cell sorter (FACS 440, Becton Dickinson, Sunnyvale, CA) or by 
direct fluorescent microscopy.” 

Mice (BDF, and DBA/2) were purchased from Cumberland 
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Farms Inc, Clinton, TN. Mouse bone marrow nucleated cells were 
used without density cut or adherence separation. 

Preparation of ferritins and antiferritin monoclonal antibod- 
ies. Human heart ferritin was a kind gift from Dr. Marianne 
Dorner, University of Heidelberg. Liver ferritin and nonglycosylated 
human heart ferritin was purified as described. rHF was obtained 
from the £ coli clone pEMBLex2HFT, which contains a plasmid 
that directs the synthesis of the complete coding region of the cDNA 
of the H subunit of human ferritin.” The recombinant ferritin was 
purified as described in Levi et al”: induced cells were sonicated and 
the extract heated at 75°C and the soluble proteins passed on a 
Sepharose 6B column and then centrifuged for 90 minutes at 
200,000 g. Further purification was achieved by immunochroma- 
tography on monoclonal antiheart ferritin 2A4-Sepharose (Pharma- 
cia, Piscataway, NJ). The recombinant ferritin obtained had struc- 
tural and immunochemical properties similar to natural heart ferri- 
tin and was composed of the H subunit.” 

Recombinant L-chain ferritin was obtained from the clone 
pEXHF14,” which contains a plasmid that directs the synthesis of 
the coding region of the L chain of human ferritin. Briefly, the 
cDNA insert of the L ferritin clone p6808 was inserted into a 
derivative of the expression vector pPlc24" constructed in order to 
express foreign genes without fusions. For the construction 
pEXHF14, a restriction site overlapping with the AUG (adenine, 
uracil, guanine) initiation codon was used. As a consequence, the 
amino acid positions 2 and 3 are changed from Ser-Ser to Asp-Pro. 
These exchanges at the very end of the protein are not expected to 
have any structural consequence. This notion is supported by Arosio 
et al (unpublished observations) and is in agreement with the known 
overall structure of the ferritin shell in which the very N terminus of 
the monomers has no function in the polymerization process. This 
recombinant protein was extracted from the induced cells by sonica- 
tion and purified by heat treatment at 75°C, gel filtration on 
Sephacryl S-200, and ion exchange chromatography on a diethyl 
aminoethyl column. Further purification was achieved by immu- 
nochromatography on monoclonal antiliver ferritin-Sepharose. This 
ferritin has structural and immunologic properties similar to natural 
liver ferritin (Arosio, unpublished observations). 

All the monoclonal antibodies used here have been de- 
scribed.” The 2A4, H103, and H104 antibodies were elicited 
by human heart ferritin and are specific for the H chain. L03 and 
L.04 antibodies were elicited by human liver ferritin and are specific 
for the L-subunit. 

Analysis of ferritins with sodium dodecyl sulphate—polyacryl- 
amide gel electrophoresis (SDS-PAGE). Ferritin samples were set 
up in sample buffer (0.1 mol/L Tris, pH 6.8, containing 10% 
glycerol and 2% SDS, Biorad Laboratories, Richmond, CA) and 
analyzed under nondenaturing conditions on 5% gels.” For denatur- 
ing conditions, preparations were set up in sample buffer with the 
addition of 0.1 mol/L DL-dithiothreitol (Sigma, St Louis) and 
boiled for three minutes before analysis on linear gradient gels of 5% 
to 15% acrylamide.” 

Colony assays for hematopoietic progenitor cells. CFU-GM 
colony (>50 cells/aggregate) formation of human and mouse bone 
marrow cells were stimulated respectively by 10% exogenously 
supplied granulocyte-macrophage colony-stimulating factors (GM- 
CSF) present in medium conditioned by the urinary bladder carci- 
noma cell line 5637 or by pokeweed mitogen-stimulated mouse 
spleen cell-conditioned medium (CM). These sources of CM were 
used because they are free of other known inhibitory molecules such 
as AIF and E-type prostaglandins, and when used with prescreened 
heat-inactivated FBS (56 °C for 30 minutes), give maximal colony 
formation and increase the sensitivity of bone marrow cell to 
inhibition by AIF compared with other sources of GM-CSF such as 
human placental CM and WEHI-3 CM Cells were plated in 1 mL 
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of culture medium containing 0.3% agar (Difco Laboratories, 
Detroit), MeCoy's 5A medium suppiemented with essential and 
nonessential amino acids, glutamine, serum, asparagine, and sodium 
pyruvate (GIBCO Laboratories, Grand Island, NY), and 10% 
heat-inactivated FBS. Cultures were incubated at 37 °C in a humid- 
ified atmosphere of 5% CO, at lowered (5%) O, tension. Low oxygen 
was maintained using an oxyreducer (Reming Bioinstruments, Syra- 
cuse, NY). Low O, tension used as suppression with AIF is as good 
as or better than that noted when cells are grown at usual incubation 
(~21%) O, tension. Colonies and clusters were scored after five and 
seven days of incubation respectively for mouse and human cells. 

The BFU-E colony assay has been described. Bone marrow 
cells were plated in a 1-mL mixture of Iscove's modified Dulbecco's 
medium (GIBCO), 0.8% methylcellulose, 30% FBS, 5% medium 
conditioned by 5637 cells, 5 x 10^? mol/L 2-mercaptoethanol, 0.5 
units of erythropoietin (Toyoba~New York, Inc, New York), and 
| x 1074 mol/L hemin (Eastman Kodak, Rochester, NY). Hemin 
increases colony formation by BFU-E.” Dishes were incubated at 
37 °C in a humidified atmosphere of 5% CO, and 5% O, and colonies 
scored after 14 days of incubation. CFU-GM and BFU-E cultures 
were also set up in the absence of serum with 10 mg/mL bovine 
serum albumin, 300 ug/mL iron-saturated transferrin, 7.8 pg/mL 
cholesterol, and 280 ug/mL calcium chloride. For serum-free cul- 
tures the 5637 CM was prepared in the absence of serum, and one 
unit of recombinant erythopoietin (Amgen Biologicals, Thousand 
Oaks, CA) was used. The samples of rHF and rLF were added in 
combination with the agar or methylcellulose at the start of the 
culture. 

Statistical analysis. Three to four plates were scored per point, 
and the probability of significant differences between samples was 
determined by use of Student's t test (two-tailed values). 


RESULTS 


Ferritin samples. The preparations of purified rHF and 
rLF used in these studies, along with two preparations of 
natural heart ferritin (containing H and L subunits) and a 
preparation of natural liver ferritin (containing mainly L 
subunits), are shown in Fig ! by silver staining of samples 
after running them on nondenaturing PAGE (Fig 1A) and 
under denaturing conditions (Fig 1B). The nondenatured 
and denatured purified rHF are shown respectively in lane 4 
of Fig 1A and lane 5 of Fig 1B. This preparation had been 
affinity purified using monoclonal antibody 2A4, which 
recognizes the H subunit. For comparison, the nondenatured 
and denatured preparations of impure rHF are shown respec- 
tively in lane 5 of Fig 1A and in lane 8 of Fig 1B. The 
nondenatured and denatured preparations of affinity-puri- 
fied rLF are shown respectively in lane 2 of Fig 1A and in 
lane 4 of Fig 1B. After denaturation (Fig 1B), the purified 
rHF migrated with the H subunit of heart ferritin, and the 
purified rLF migrated with the L subunit of heart and liver 
ferritin. The extra bands seen above the ferritin preparations 
in Fig IA are most likely due to aggregation of ferritin 
molecules since these extra bands from the different ferritin 
preparations have approximately the same molecular 
weights and after denaturation (Fig 1 B) were resolved into 
H- or L-subunits (see especially lanes 3 to 6, Fig 1 B). The 
area from the stacking gel to a molecular weight of approxi- 
mately 60,000 is not shown for the denaturating gels in Fig 
1B, but no bands were detected for lanes 2 to 7 in this area. 

Influence of rHF and rLF on colony and cluster formation 
by CFU-GM and BFU-E in vitro. The purified rHF and 
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Fig 1. SDS-PAGE analysis under nondenaturing and dena- 
turing conditions of recombinant and natural ferritins. (A) A 
596 SDS-PAGE was run under nondenaturing conditions and 
silver stained. Tracks: 1 and 7, purified natural heart ferritin; 2, 
purified rLF; 3, purified natural heart ferritin from a preparation 
different from that shown in tracks 1 and 7; 4, purified rHF: 5, 
nonpurified rHF; and 6, purified natural liver ferritin. (B) The 
same samples were run on a 5% to 1596 linear gradient 
SDS-PAGE under denaturing conditions and silver stained. 
Tracks: 1 and 9, low-molecular-weight markers; 2 and 7, 
purified natural heart ferritin; 3, purified natural liver ferritin; 4, 
purified rLF; 5, purified rHF; 6, purified heart ferritin (same 
sample as track 3 in part A); and 8, nonpurified rHF. The 
stacking portion of the gels in parts A and B are not shown. 


rLF were assessed for their capacity to influence colony and 
cluster formation by day 7 human bone marrow CFU-GM 
stimulated with 5637 CM (Table 1). A plateau curve of 
significant inhibition of colony and cluster formation was 
apparent with 107* to 107! mol/L rHF. Some significant 
activity was still apparent at 10^ mol/L, and no significant 
activity was apparent from 10^" to 107'* mol/L. Data for 
107 to 107. mol/L rHF are not shown. In comparison, 
rLF was without effect on colony and cluster formation at 
concentrations of 10^* to 107'® mol/L. Data for 10^! to 
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1075 mol/L rLF are not shown. The suppressive activity of 
rHF was inactivated by preincubation of rHF with mono- 
clonal antibodies 2A4, H103, and H104, which recognize the 
H subunit, but was not inactivated by preincubation of rHF 
with monoclonal antibodies LOS and L03, which recognize 
the L-subunit and immune precipitate rLF (Table 1). The 
unpurified preparation of rHF also significantly suppressed 
colony formation (P < .005) by 30% to 45% at concentra- 
tions of 107* to 107? mol/L in three experiments, and these 
effects were completely inactivated by preincubation of the 
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Table 1. The Influence of Purified rHF and Purified rLF on Colony and Cluster Formation by Day 7 Human and Day 5 Mouse Bone Marrow 
Granulocyte-Macrophage Progenitor Cells 





Percent Change From Control Medium (Y = 1 SEM) 














Human Mouse 
Colonies and Colonies and 
Materials Colonies Clusters Colonies Clusters 

rHF (1077 mol/L} ND ND —41 + 2* (5) —39 « 3* (5) 
rHF (1078 mol/L} —40 + 3* (3) —386 + 3* (5) —40 « 5* (5) —38 + 4* (5) 
rHF (107? mol/L) -38 + 2* (3) —36 + 3* (6) —22 + 2t (5) —20 + 3f (5) 
rHF (107? mol/L) —40 + 2* (3) —32 « 3* (6) —4 + 2 (5) —4 + 3 (5) 
rHF (107 mol/L) —20 + 5t (5) —20 + 4t (6) —2 + 2 (5) -3 + 1 (5) 
rHF (107? mol/L} —8 + 6 (5) -8 + 515) 
rHF (107 mol/L) —8 + 5 (5) —6 + 5 (4) 
rHF (107 '* mol/L) -4 + 2 (3) -5 + 2 (5) 
rLF (107 mol/L) ~3 + 4 (3) -5 + 1(4) 
rLF (107? mol/L) —1 +33) --2 + 2(4) 
rLF (107? mol/L) +2 + 3(3) +3 + 3 {4) 
rHF (107? mol/L) + 

MoAb2A4 ~§ + 3 (3) -6 + 2 (5) —0.2 + 4 (5) ~2 +2 (5) 
rHF (107? mol/L) + 

MoAb H103 -5 + 2(2) ~2+ 1(3) 
rHE (107? mol/L) + 

MoAb H104 -7 £3 (2) -3 + 4(3) 
rHF (107? mol/L) + 

MoAb LO8 —45 + 3* (2) —41 + 4* (4) 
rHF (107? mol/L) + 


MoAb L03 —39 + 3* (2) -39 + 5* (3) 





Control (McCoy's) medium or ferritins were preincubated for 115 hours at room temperature with control medium or 1:50 final dilutions of MoAbs 
2A4, H103, or H104 or 1:20 to 1:50 final dilutions of MoAbs LO8 or LOS prior to assessing for an influence on colony formation by 10° low-density 
human or 5 x 10* mouse bone marrow cells. For mouse celis three experiments were done with BDF, celis and two experiments with DBA/2 cells. 
Control numbers of human colonies ranged from 40 to 168, and control numbers of human colonies plus clusters ranged from 167 to 546 between 
experiments. Control numbers of mouse colonies ranged from 52 to 106, and control number of mouse colonies plus clusters ranged from 112 to 154 
between experiments, Antibodies by themselves had no effect on human or mouse colony or cluster formation (-- 496 + 596 change from control for 
three experiments each). Not all points were set up in each experiment, and in some experiments colonies did not form in control plates. The numbers in 
parentheses designate the number of experiments for each point. 

Abbreviations: MoAb, monoclonal antibody; ND, not determined. 

*Significant percent change from control, P < .005. 

Significant percent change from control, P < .05. 


unpurified rHF with monoclonal antibody 2A4 (P > .05). population (Table 2). The titration curves of inhibition for 
The unpurified preparation of rHF was 1 log unit less active rHF against colony formation by CFU-GM and BFU-E 
than the purified rHF (data not shown). were similar as shown for one of two reproducible experi- 

Since eventual studies of the action of these preparations ments using nonadherent low-density T lymphocyte- 
in vivo would require assessing them in animal models, we depleted human marrow as a target (Table 3). As shown in 
evaluated the effects of rHF on colony formation by mouse Table 3, the suppressive effects of HF were similar whether 
CFU-GM. As seen in Table 1, rHF suppressed colony the assays were performed in the presence of serum or in the 
formation by mouse bone marrow cells, but the rHF was 2 presence of defined ingredients that were used to substitute 
log units less active than it was against human bone marrow. for the serum. 
The suppressive effect of rHF against mouse bone marrow 
was inactivated with monoclonal antibody 2A4 (Table 1). 

Influence of rHF and rLF on colony formation by CFU- DISCUSSION 
GM and BFU-E in vitro after depletion of monocytes and T The present studies demonstrating that rHF suppressed 
lymphocytes and in the absence of serum. The rHF, but colony formation by human and mouse CFU-GM and 
not the rLF, also significantly suppressed colony formation human BFU-E substantiate our original observations that 
by human BFU-E stimulated with erythropoietin, hemin, AIFs have a functional activity in vitro on myelopoiesis*? 
and 5637 CM (Table 2, one of three reproducible experi- and that homopolymers of liver H subunits are active and 
ments). The suppressive effects of rHF were similar whether homopolymers of liver L subunits are inactive as suppressor 
the target population of human bone marrow cells contained molecules.’ This information plus inactivation of the suppres- 
monocytes and T lymphocytes (low-density cells) or were sive activity with monoclonal antibodies that recognize H 
depleted of these cells with <2% monocytes and T lympho- chains and AIF demonstrates that it is the AIF itself, and not 
cytes in the nonadherent low-density T lymphocyte-depleted contaminating molecules, that is manifesting these effects. 
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Table 2. Comparative Influences of Purified rHF and rLF on Colony Formation by CFU-GM and BFU-E Progenitor Celis in Bone Marrow 
Containing or Depleted of Monocytes and T-Lymphocytes 





Colonies (Y « 1 SEM) 

















CFU-GM BFU-E 
Materials LD BM NALDT” BM LD BM NALOT BM 

Experiment 1 

Control medium 44 «3 30-4 38 +4 44 x3 

rHF (107 ? mol/L) 27 + 2(-3811 19 + 1(—38)** 27 + 2(-28)t 31 + 3(~30)§ 
Experiment 2 

Control medium 74 +3 31.22 41+3 63 +3 

rHF (107 ' mol/L) 49 + 3(—33)8 23 + 11-26)1 31 + 3(—25)* 47 «2(-28)* 
Experiment 3 

Control medium 40 +3 32 +2 35 +5 32 +2 

rHF (107? mol/L} 24 + 2(—40)] 19 + 201-40] 21 + 2(—40)¢ 22 + 2{~38}§ 

rLF (107? mol/L) 39 «2(-3) 33 + 2(4+3) 32 + 2(-9) 32 + 3 (0) 





cells/mL. 
*Significant percent change from control, P < .05. 
TP « .04. 
iP « .O3. 
SP < .02. 
|P < .01. 
TP « .005. 
#P < .002. 
**P — 0001, 


The mechanism of action of AIF is not yet clear, but the 
action occurs in the absence of serum and after depletion of T 
lymphocytes and monocytes from the target marrow. 
Whether the rHF acts directly on the progenitor cells or 
indirectly via the few remaining T lymphocytes and mono- 
cytes or other accessory cells remains to be determined. 

Our original report suggested that the inhibitory activity 
was associated with a glycosylated AIF molecule; a result 
consistent with the recent report of Dezza et al.^ However, 
since the rHF does not bind concanavalin A (Arosio, unpub- 
lished observations), it is clear that glycosylation of AIF is 
not an absolute prerequisite for functional activity. The rHF 
was active to concentrations as low as 107? to 107^! mol/L. 
These are higher than the ones found active with our purified 
preparations of natural AIF.° It is possible that glycosylation 
may enhance the suppressive activity of AIF, and studies 
with rHF expressed in eukaryocytic cells may help to deter- 


mine this. Alternatively, it is possible that greater activity 
may reside in a ferritin molecule containing mainly H 
subunits but with some L subunits, a fact we noted previous- 
ly, or a small contaminant in our purified preparations of 
natural AIF may have allowed for synergistic interactions, a 
phenomenon noted with other suppressor molecules.’ This 
last alternative may not be true for all ferritin preparations 
since our original studies were done also with single bands of 
ferritin isolated from gels? and we do not favor this last 
possibility. 

Cukrova et al" have recently presented evidence that 
purified placental AIF has a suppressive activity in vitro. 
Placental AIF did not inhibit colony formation but did 
inhibit the entry of normal granulocyte-macrophage progeni- 
tor cells into S-phase. However, the placental CM used by 
Cukrova et al as a source of stimulating activity for their 
assay is not optimal for detecting suppression of colony 


Table 3. Influence of Purified rHF and rLF on Colony Formation by CFU-GM and BFU-E Progenitor Celis in Nonadherent Low-Density T 
Lymphocyte-Depleted Bone Marrow Cultured in the Presence and Absence of Serum 














+ Serum — Serum 

Materiais CFU-GM BFU-E CFU-GM BFU-E 
Control medium 249 + 13 3242 108 +6 22+ 2 
10° '° mol/L rHF 183 + 5(-27)* 22 + 2(—38) 71+ 1(—34) 15 + 1(-32H 
10^" mol/L rHF 233 + 8(—6) 26 + 2(— 19) 107 + 7(—-1) 19 + 2(— 14) 
10^" mol/L rHF 249 + 1110) 30 + 2(—6) 110 + 2(42) 22 + 2 (0) 
107? mol/L rLF 245 x 13(—2) 32 « 310) 109 + 5(4 1) 21«21-5) 
107? mol/L rLF 245 + 10(—2) 3121(-3) 111 +5 (42) 20 + 2(-9) 





clusters. 
*Significant percent change from control, P < .01. 
tP < .02. 
£P « .03; other numbers are not statistically significant, P > .05. 


* 
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formation by AIF since placental CM contains low but active 
levels of AIF that can partially or completely mask the 
colony-inhibiting effects of exogenously added AIF.$ 

The physiological and pathological relevance of AIF has 
been suggested, ? but more information is needed to sub- 
stantiate these beliefs. At present, the best evidence sugges- 
tive of a physiological role for AIF is that the administration 
of purified natural human AIF to mice mimics the effects of 
AIF in vitro." Since human rHF can suppress colony 
formation by mouse marrow CFU-GM, it will be feasible to 
assess the effects of rHF in mice. The fact that human rHF 
was more active against human than mouse cells is consistent 


BROXMEYER ET AL 


with our prior studies using purified preparations of natural 
human AIF* and suggests a degree of species specificity. Of 
relevance to a potential physiological role for AIF is that 
serum factors can bind AIF? as well as rHF (Arosio, 
unpublished observations) and that low or nondetectable 
levels of AIF in the serum have been reported and this may 
be due to the presence of serum-binding factors. 
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Leukemia Diagnosis and Testing of Complement-Fixing Antibodies 
for Bone Marrow Purging in Acute Lymphoid Leukemia 


Dario Campana and George Janossy 


In this paper a microplate method is described for diagnos- 
ing acute leukemia and for investigating the reactivity of 
monoclonal antibodies (MoAbs) against membrane anti- 
gens in combination with rabbit or murine antibodies to 
nuclear terminal transferase (TdT). The speed of this 
method facilitates the investigation of fresh leukemic cells 
from individual patients and assesses the cytolytic efficacy 
of the relevant MoAbs in the presence of complement (C') 
Lymphoblasts (TdT +) are mixed in equal proportions with 
known numbers of “inert” cells, eg, RBC or nonleukemic 
bone marrow (BM). Following incubation with MoAbs and 
C' the ratio of residual TdT-- cells and inert cells is 
determined on cytospin preparations. Initially, percentages 
of TdT + cells are counted in a unit volume of 5,000 inert 
cells, followed by the scanning of —2 x 10* inert cells on 
entire slides. With this method more than 4 log cytoreduc- 
tion of TdT + cells is detected. The method is also applica- 
ble for studying the cytolysis of malignant B cells by using 
mostly monoclonal lg expression rather than TdT for the 


HE ELIMINATION of unwanted cells from the bone 
marrow (BM) during bone marrow transplantation 
(BMT) is referred to as “purging” or "cleansing." Mono- 
clonal antibodies (MoA bbs) able to fix complement (C^)? or 
toxin conjugates? have been used successfully to remove 95% 
to 99.5% of T lymphocytes from allogeneic BM in order to 
prevent graft-v-host disease. Similar principles can also be 
applied for eliminating residual leukemia/lymphoma from 
the BM prior to autologous BMT.^* During this procedure 
proof is required to show the efficient removal of the malig- 
nant clone. 

Conventional methods for investigating the efficacy of C' 
lysis such as dye exclusion and *'Cr release are unsuitable for 
detecting small numbers of residual viable malignant cells. 
Flow cytometry, when performed with only one single anti- 
body, also lacks the necessary sensitivity as its lower limit of 
detection is 0.5% to 1%.° During the last 3 years ingenious 
clonogenic assays have also been developed showing that 
MoAbs with C' or immunotoxins are capable of destroying 3 
to 6 logs of cells taken from permanent cell lines of 
Burkitt'*"' or acute lymphoid leukemia (ALL) origin ^'* and 
added as contaminants to suspensions of normal BM." 
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identification of residual B cells. Ten representative 
patients selected from a group of >100 are reported. In 
some cases cytoreduction of >4 log with no identifiable 
residual TdT + cells is achieved by a single C'-fixing MoAb: 
anti-CD10 (RFAL3) in common acute lymphoid leukemia 
(ALL) and anti-CD7 (RFT2) in T cell ALL (T-ALL). Other 
cases require cocktails of anti-CD10, anti-CD19, and anti- 
CD24 in common ALL or anti-CD7 and anti-CD8 in T-ALL. In 
T-ALL a few TdT + cells remain that exhibit the features of 
normal TdT + BM cells (CD7', HLA-DR*). This is particu- 
larly noticeable when patients are studied in partial remis- 
sion or if nonleukemic BM is used as a source of inert cells. 
The methods described here contribute to establishing a 
range of MoAbs (ie, of IgM class) and techniques for 
efficient purging and to comparing the efficacy of "clean- 
up," in remission, of common ALL, T-ALL, and B cell 
malignancies. 

9 1986 by Grune & Stratton, Inc. 


Nevertheless, these model studies do not yield information 
about the heterogeneity of fresh leukemic cells in terms of 
their suspectibility to Ab-mediated cytopathic effects. 

Two aspects of purging need to be assessed when leukemic 
cells from patients are studied with a clinical program in 
mind. One is the exact proportion of leukemic cells that react 
with an antibody (or cocktail). The other is the efficacy of a 
particular cytolytic, toxic, or separating method in eliminat- 
ing the population of positively labeled leukemic cells. In 
order to answer both of these questions, additional markers 
independent of the MoAb(s) used for purging have to be 
applied to detect leukemia. These may include (1) cytology, 
for the morphology of leukemic blasts such as B-ALL cells of 
the L3 category can be very characteristic even when seen in 
minute proportions; (2) detection of malignancy by chromo- 
somal or DNA abnormality"; (3) expression of membrane 
markers studied by additional MoAbs or by antiimmuno- 
globulin (anti-«, anti-A, or antiidiotype) Abs in B cell disor- 
ders; and finally, (4) a nuclear enzyme, terminal deoxynu- 
cleotidyl transferase (TdT) in ALL and related disorders. ' 

In this paper we standardize methods suitable for quanti- 
tating residual ALL blast cells. While approaching this aim, 
three steps have been introduced: (1) A microplate method!” 
with multiple-sample handling has been adopted for rapid 
immunodiagnosis. (2) Murine anti-TdT MoAbs have been 
employed’* and used in double immunofluorescence (IF) 
combinations with MoAbs directed against membrane anti- 
gens. (3) A quantitative light microscopic test has been 
developed for assessing the efficacy of C’ lysis in leukemia by 
both immunologic (TdT +) and morphological criteria. In 
this test leukemic cells are mixed with inert cells (eg, red 
cells) in known proportions. C' lysis is performed, and the loss 
of leukemic cells is determined following TdT staining in 
cytospins. When the proportions of TdT + (leukemic) v inert 
cells are counted in the control (untreated) and in post-C’ 
samples, the depletion of leukemic (TdT +) blasts is pre- 
cisely evaluated. 


Blood, Vol 68, No 6 (December), 1988: pp 1264-1271 


TESTS FOR BONE MARROW PURGING IN ALL 


MATERIALS AND METHODS 

Handling of cells. Sterile samples from peripheral blood (PB) 
and BM were separated on a Ficoll-Hypaque gradient. Mononuclear 
cells were washed twice in phosphate-buffered saline (PBS) and 
reconstituted at 2 to 4 x 105/mL in PBS containing 0.2% human 
serum albumin and 0.2% azide (PBSA). The cells prepared for C' 
lysis were reconstituted at 2 x 10’/mL in Hanks’ balanced salt 
solution (HBSS with Ca** and Mg**, GIBCO, Paisley, UK). 
Cytospins were made in a Shandon cytocentrifuge (Southern Prod- 
ucts, Astmoor, UK), fixed in cold methanol for 30 minutes, and 
washed in PBS. After incubation with Abs, cytospins were covered 
with a 1:1 mixture of glycerol and PBS or with a medium of 
polyvinyl alcohol and diazobicyclooctane, which sets and retards 
fading." Other slides were stained with May-Grünwald-Giemsa. 

The patients’ RBC were washed four times in PBS and resus- 
pended in HBSS. Chicken RBCs (Tissue Culture Services, Slough, 
UK; catalog no. 101010) were used fresh or fixed in 4% formalin. 
The latter were washed in PBS with 5% bovine serum albumin 
(BSA) and stored sterile at 4 °C until use. The HL-60 cell line was 
grown in RPMI 1640 medium containing 10% fetal calf serum. The 
cells were washed three times in PBS and resuspended at a 2 x 107 
concentration in HBSS. 

MoAbs. A standard panel of 12 MoAbs was used to detect 
membrane antigens! (Table 1). Stem cell-associated MoAbs were 
BI-3C5” and anti-HLA-DR. The myeloid MoAbs were My-9"* or 
MCS-2? and UCHM 1—an Ab reactive with monocytes and (mye- 
lo)monocytic leukemia." The common ALL (cALL) and B lympho- 
cyte reagents were Abs to CD19, CD10 (cALL), CD20-like antigen, 
and IgM as defined at the 2nd Workshop on Leukocyte Differentia- 
tion Antigens (LDA), Boston.” The anti-T reagents were Abs to 
CD7, CD2, CD3, and CD5 as defined in the Ist Workshop on LDA, 
Paris. ??* 
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The four MoAbs made against purified human TdT (HTdT.1, 
HTdT-2, HTdT-3, and HTdT-4, all of IgG i subclass) were provided 
by Professor F.J. Bollum. The mixed cocktail of these four Abs is 
referred to as HTdT (total Ab content, | mg/ml. containing 
approximately 0.25 mg of each Ab per milliliter), HTdT was also 
conjugated with biotin.” 

Two MoAbs used for purging were of IgM class and fixed both 
rabbit and human C’. These were RFAL-3 reacting with CD10, 
cALL antigen, and RFB?7 reacting with a CD20-like B cell-specific 
antigen. RFT2 (anti-CD7) was of the IgG2 class" and fixed only 
rabbit C'. Additional reagents such as Abs to CD19, CD24, and CD8 
were also used in the various cocktails; these were SB4," BA i” and 
RFT8,™ respectively, all of which were of the IgM class. 

Heterologous antisera. Fluorochrome-labeled goat antisera to 
human IgM (G-anti-H-IgM-tetramethyl rhodamine isothiocyanate 
[TRITC], catalog no. 2020-03), « and A light chains (G-anti- 
H-«-TRITC, catalog no. 2060-03; and G-anti-H-A-fluorescein iso- 
thiocyanate (FITC), catalog no. 2070-02), as well as to mouse IgG 
and IgM (G-anti-M-IgG-FITC, catalog no. 1030-02; and G-anti- 
M-IgM-TRITC, catalog no. 1020-03) were purchased from South- 
ern Biotechnology Associates, Birmingham, AL. These reagents 
were heavy or light chain specific, respectively. Goat antimouse Ig 
was eluted from an M-Ig column and conjugated with FITC or 
TRITC in our laboratory (G-anti-M-Ig-FITC or -TRITC) and had 
no activity against goat, human, rabbit, or swine Ig. 

Rabbit antisera to calf TdT (R-anti-TdT; Supertech Inc, Bethes- 
da, MD, catalog no. 004) reacted with HTdT in the nucleus of 
thymocytes and rare non-T, non-B cells of the normal human BM, 
but were negative (<0.1%) on circulating blood lymphocytes as well 
as on lymphoid cells of the human palatal tonsil. Swine antirabbit Ig 
(Sw-anti-R-Ig-TRITC) was from Dakopatt, Copenhagen (catalog 
no. R156) and had no activity against goat, human or mouse Ig. 


Table 1. Diagnostic Reagents in Leukemia 





Reactivity Pattern 








Equivalent mol 
Local wt Peripheral 
Ab (Feature) Ab (Thousands) cALL AML T-ALL T-Leukemia B-NHL B-CLL Reference 
Stem cell associated 
1. BI-3C5 120 + + = = d x: 20 
2. Class II RFDR1 28, 33 + t0 = -— * + 
Myeloid 
3. My9, MCS2 = + ~ - -— - 28, 29 
4, UCHM1 52 ~ some + ~ - - — 21 
Common ALL and B 
5. anti-CD 19 94 + 5 - — + + 22, 27 
6. anti-CD 10 RFAL3 100 * ~ ~ (x - -[ 5,22 
7. anti-CD20 RFB7 35 E = = — + + 7,22 
8. anti-igM - = ~ - + + 
T cell associated 
9. anti-CD7 RFT2 40 T — (x) + + or ~§ ~ - 23 
10. anti-CD2 (T11) RFT11 50 ons -— * * = - 23 
11. anti-CD3 (T3) 19-29 = - -I + : - 23 
12. anti-CD5 (T1) RFT1 65 ^ es * +9 z +# 23 
TdT * s + ad — - 16, 18 








The reagents were used in a microplate assay system. On the basis of the results additional Abs are used for further analysis. 
Abbreviations: AML, acute myelogenous leukemia; B-NHL, B cell non-Hodgkin's leukemia; T-CLL, T cell chronic lymphocytic leukemia. 


*AMLs are heterogeneous in terms of HLA-DR expression. 
tA few T-ALL cases weakly express cALL antigen. 

tSome AMLs carry p40 (CD7) antigen. 

§Sezary cells are p40 (CD7)-negative. 


l^ few T-ALL cases are weakly membrane CD3 (T3)-positive (but many show cytoplasmic CD3). 


TT-CLL is frequently CD5 (T 1)-negative. 
3tB-CLL carries CD5 (T 1) antigen. 
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Avidin was bought from Sigma Chemical Co, St Louis (catalog no. 
A-3275) and conjugated to TRITC. 

Double IF assays. Leukemic blasts were labeled in suspension 
with MoAbs using FITC-conjugated second layers. Then cytospins 
were made and fixed in cold methanol. The cells were restained with 
anti-TdT and TRITC-conjugated second layer. Four assays were 
studied: (1) MoAb + G-anti-M-Ig-FITC in combination with 
R-anti-TdT + Sw-anti-R-Ig-TRITC?: (2) MoAb of the IgM class 
+ G-anti-M-IgM-TRITC in combination with HTdT (IgG) + 
G-anti-M-IgG-FITC; (3) MoAb + G-anti-M-Ig-FITC-labeled 
cells cytocentrifuged and then incubated with normal mouse serum 
(in order to block binding to G-anti-M-Ig) followed by biotinated 
HTdT Ab + avidin-TRITC; and (4) the same as 3 except that 
HTdT was followed by G-anti-M-Ig-TRITC (Fig 1). 

Microplate method. — Fifty-microliter aliquots of a 2 to 4 x 
10*/mL suspension (1 to 2 x 10°/well) were placed into 12 
microwells in a U-bottomed microplate (Sterilin, UK; catalog no. 
M24A) with a repeating dispenser (2 mL total volume; Jencons, UK; 
catalog no. H9/255-22). Twelve (2 x 6) MoAbs (Table 1) kept inan 
adjacent plate as a row of concentrated stock solution and diluted 
with PBSA prior to use were transferred in 50-uL volumes onto the 
cells with a Titertek multipipette (using six of the eight available 
channels; Flow Labs, UK; catalog no. 77-869-00). The individual 
wells on the whole plate were covered with an adhesive shect and 
gently shaken while incubating for ten minutes at 20 °C, The wells 
were topped up with 100 aL PBSA, spun in a centrifuge (Beckman 
TJ-6 with plate carriers) for 30 seconds at 1,500 rpm, and the 
supernatant was removed by inverting the plate. The cells were 
resuspended on a plate shaker and washed four times with cold 
PBSA. Cells were then incubated again for ten minutes with diluted 
G-anti-M-Ig-FITC (50 uL) and washed four times. After the last 
wash, 5 to 6 uL PBSA (with azide) was added to each of the small 
cell pellets using a smaller Titertek multipipette (catalog no. 77- 
858-00), and 2 uL of resuspended cells were transferred, as two rows 
of six samples, onto a polytetrafluoroethylene (PTFE)-coated 
multispot slide (catalog no. PH001; Hendley, Essex, UK). One slide 
(12 samples) for each patient was placed into formalin vapor for ten 
minutes, dried, and covered," 
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These first results identified which of the 12 MoAbs had reacted 
with the largest proportions of blast cells. Cells already membrane 
labeled were then lifted from some selected relevant wells in order to 
restain blasts with TdT- and TRITC-conjugated second layers. 

Standardization of C. Thirty-day rabbit-C’ (TDRC) was 
obtained from |-month-old rabbits (Research Sera Ltd, UK). In the 
presence of anti-T cell MoAbs of the IgM class, a cocktail of CD6 
(RFTI2) and CD8 (RFT8) TDRC used at 33% final dilution 
destroyed >98% of the T lymphocytes. This demonstrated the lytic 
power of the C’ batch. At the same time B lymphocytes or myeloid 
colony-forming cells were not affected, indicating the lack of nonspe- 
cific toxicity.* Batches of TDRC were kept at —70 °C. 


RESULTS 


Performance of anti-TdT MoAbs. MoAbs to TdT 
(HTdT-1, -2, -3, and -4) and R-anti-TdT were studied on 
suspensions of normal BM (three samples), tonsil (five 
samples), thymus (three samples) and PB (five samples). All 
four MoAbs and R-anti- TdT showed identical reactivity: 2% 
to 3% positivity in BM, 59% to 77% in thymus, and no 
positive cells in tonsil and PB. When tested on ALL (14 
cases), ali four MoAbs gave positive staining: HTdT-1 
showed strong, HTdT-3 and -4 moderate, and HTdT-2 weak 
nuclear labeling. The combination of all four (HTdT) 
reagents gave the strongest staining, comparable to R- 
anti-TdT, HTdT did not show positivity on seven cases of 
AML (My-9 4 and TdT — when tested with R-anti-TdT). 

In the next experiments R-anti-TdT was used in double 
combination with HTdT. In suspensions of thymocytes (two 
samples), normal BM (two samples), and ALL (five cases), 
widely different numbers of positive cells (2% to 3% in 
normal BM and >60% reactivity in thymus and ALL) were 
seen, and still the two reagents showed concordant staining 
on all nuclei (71.000 cells scanned in each sample). The 
R-anti- TdT showed stronger cytoplasmic staining on some 


Fig 1. Double labeling of membrane anti- 
gens and TdT using combination as follows: 
membrane staining in suspension with MoAb 
and G-anti-M-ig-FITC and restaining the 
cytospins with HTdT and G-anti-M-Ig- TRITC 
(see the text}. Common ALL blast cells (A, B) 
are labeled for CD10 antigen (RFAL-2 in A) 
and TdT (B). Blood lymphocytes are labeled 
for 13 antigen (CD3, in C), but TdT — (D). On 
the FITC channel the membrane labeling is 
specific (A, C}. On the TRITC channel nuclear 
TdT staining is seen on ALL blasts (B), and 
there is weak clear membrane cross-reaction 
iB, D). The arrow points to a CD10 4, TdT — 
blast. 
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myelocytic-granulocytic cells than HTdT, but this weak 
extra staining did not interfere with the evaluation of results. 
Previous studies have already revealed the correlation 
between nuclear TdT staining and TdT enzyme activity 
measured by biochemical assay in ALL and AML and also 
showed the irrelevance of weak cytoplasmic TdT staining. 

In the next experiment three combinations for membrane 
and nuclear labeling were tested (see Methods). In combina- 
tion 2, the strong labeling with RFAL-3 (anti-CD10; IgM 
class + G-anti-M-IgM-TRITC) did not interfere with 
HTdT visualized by G-anti-M-IgG-FITC (heavy chain spe- 
cific). In combination 3, RFAL-2 (anti-CD10, IgG2 class) 
and HTdT-biotin showed no membrane-nuclear cross-reac- 
tivity, and the nuclear HTdT-biotin plus avidin-FITC stain- 
ing was again strong. The individual anti-TdT Abs did not 
perform as well as the HTdT cocktail. 

Combination 4 was also satisfactory. A clear membrane 
positivity was seen on ALL blasts using RFAL-2 (anti- 
CD10) and G-anti-M-Ig-FITC (Fig 1A). HTdT + G- 
anti-M-Ig-TRITC revealed a strong nuclear TdT staining in 
ALL blasts (Fig 1B) and only a weaker additional membrane 
labeling on the TRITC channel (Fig 1B and D). These 
findings demonstrate the feasibility of double membrane/ 
TdT staining using MoAbs to TdT. 

Standardization of artificial mixtures of cells. After 
having demonstrated the suitability of MoAbs to TdT, tests 
were set up to investigate the efficacy of C' lysis in leukemic 
samples taken at presentation. Cells (10° cells in 50 uL 
HBSS) were placed into U-bottomed microwells, and 
MoAbs as culture supernatants were added in 50-uL vol- 
umes at saturating conditions and incubated for 15 minutes 
at 20°C. The supernatant was discarded, and rabbit serum 
diluted in HBSS as source of C' was added for 45 minutes at 
37°C followed by a second round of C'. Cells were then 
washed twice in PBSA, incubated with G-anti-M-Ig-FITC 
for ten minutes, and washed, and multiple cytospins were 
made for R-anti- TdT staining. More recently, MoAb combi- 
nation 2 with class-specific second layers was used. Cytospins 
for May-Grünwald-Giemsa staining were also prepared. 

When the C' lysis was efficient and high proportions of 
ALL blast cells were destroyed, virtually no cells could be 
recovered for analysis. Thus two modifications were intro- 
duced: (1) During the last ten minutes of incubation with 
both rounds of C', DNAse (10 U/well, Sigma, UK; catalog 
no. D0751) was added. This solubilized DNA in the debris 
and prevented clumping. (2) Known numbers of inert cells 
were mixed into the sample. These remained viable during C' 
lysis, and carried over residual cells onto the cytospin slides 
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even when these were present only in small numbers. Second, 
inert cells rendered the test quantitative (see the following 
material). 

We have investigated possible errors such as selective loss 
or accumulation of certain cell types known to occur during 
cytocentrifugation. Suspensions of BM, HL-60, human 
RBC, and chicken RBC were mixed with ALL blasts in near 
equal numbers and cytocentrifuged (Table 2). ALL blasts 
appeared to be slightly diluted out (19.9% and 17.5% ALL 
loss) by the accumulating larger myeloid cells in the BM and 
by the HL-60 cells. As a contrast, ALL blasts were appar- 
ently enriched (22% enrichment) due to the relative loss of 
chicken RBC. This phenomenon was seen with both the fresh 
and formalin-fixed chicken RBC and could not be attributed 
to RBC lysis by heterophil antiavian antibodies present in the 
rabbit serum. Only minor changes (7% ALL enrichment) 
were, however, seen in ALL/human RBC mixtures, and for 
this reason we adopted human RBC inert cell populations 
with additional controls when normal BM was used (Table 3, 
patients 3b and 6b). 

The results of the C' lysis assay were expressed as follows. 
First, the numbers of TdT + cells were counted in an area of 
slides containing 5,000 inert cells (human RBC) after treat- 
ment with relevant cytolytic MoAb + C'. This value is 
referred to as NI. Next, the TdT + cells were counted per 
5,000 inert cells after treating an aliquot of the same 
suspension with an irrelevant, ineffective MoAb + ©’. This 
value is referred to as N2. The N1/N2 ratio gives the 
percentage of surviving TdT + cells. After this counting, in 
samples with <0.02% residual leukemia the whole slide and 
an additional duplicate cytospin preparation of the same 
C'-treated sample were scanned and residual TdT + cells, if 
any, recorded among >2 x 10* RBC. Thus this method is 
well suited for studying >4 log cytoreduction. 

Additional controls were also performed. These were 
proportions of TdT + cells per 5,000 inert cells incubated in 
the absence of MoAb or in the absence of C’. Finally, the 
study concluded by recording the following parameters: (1) 
proportions of TdT + cells with membrane labeling (ineffi- 
ciency of C', Fig 2C), (2) proportions of residual TdT + 
blasts without membrane labeling (lack of Ab cover, Fig 
2D), and (3) proportion of residual TdT — blasts (in cases of 
mixed lymphoid / myeloid leukemia, Fig 2E). 

Purging with MoAbs and rabbit C’. In Table 3 typical 
observations are shown from ten patients with ALL selected 
from » 100 cases. Patients 1 to 4 had common ALL based on 
the results of microplate assay and the TdT test: BI-3C5*, 
HLA-DR*, CDI9*, CDIO', and TdT*, but essentially 


Table 2. Relative Changes in the Proportion of ALL Blast Cells Due to Cytocentrifugation 











No. of Experiment 
ALL/Inert Cells 1 2 3 Mean Percentage 
ALL/normal BM 76.9 « 2.5 83.2 + 8.8 — 80.1 ~ 199 
ALL/HL60 81.12 6.7 91.5 + 9.3 75.0 +9.1 82.5 ~ 17.5 
ALL/human RBC 111.1«4.1 104.9 + 5.1 105.8 + 6.1 107.2 -7.2 
ALL/chicken RBC 119.3 + 6.4 124.4 + 9.6 122.7 + 10.0 122.1 422.1 








cytocentrifugation. The ALL/inert cell value in suspension prior to spinning was 100%. Usually 1,600 inert cells were counted in each of the eight 


samples ( « SEM). 
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Table 3. Elimination of Leukgmic Cells with Ab + C' 
































Patient 
1 2 3 a 5 6 7 8 9 10 
Diagnosis cALL cALL cALL ALL null ALL T-ALL T-ALL T-ALL mixed ALL B-ALL 
Blasts in sample (96 97 95 97 48 95 93 98 80 95 88 
Ab reactivity 
HLA-DR (RFDR 1) 95 96 94 59 97 5 2 11 96 91 
CD10 (RFAL3) 82 94 83 17 ! 70+ 1 <1 34 1 
CD7 (RFT2) 3 2 5 34 2 94 97 83 1 2 
CD20 (RFB7) 1 1 1 5 1 <1 1 1 90 
TdT (HTdT) 87 83 91 42 95 84 77 78 31 1 
pe poe 
Combined complement lysis and TdT test 3a 3b 6a 6b 
N1 (relevant Ab) 1 189 72 36 3,200 4.8505 «1 *90| 661 5 66 <1 
(RFAL3) (RFAL3)¢ (RFAL3)t (RFAL3)¢ (RFAL3) (RFAL3) (RFT2) (RFT2) (RFT2) (RFT2) (RFAL3) (RFB7) 
N2 (irrelevant Ab 4,200 5,100 5,000 3,600 4,500 3,000 5,100 3,500 4.700 5,000 2,000 4,900 
(RFT2) (RFT2) (RFT2) (RFT2) (RFT2) (RFT2) (RFB7) (RFB7) (RFB7) (RFB7) (RFB7) (RFT2) 
N1/N2 (96) 0.01* 3.7t 1.41 1.01 71 878 «0,01* 0.02] 1.41 «0.02 3.38 «0.01** 
* When the whole slide was scanned (> 10,000 RBCs) no residual TdT + cells were seen (>4 log kill) 
+ The residual blasts were RFAL3' (Fig 2C) and were fully destroyed by a fresh batch of rabbit C’ (see text: 0.0196 TdT” cells} 


{These blasts were RFAL3 

§CD24 (BA 1) Ab was efficient in removing these blast cells 
The few residual TdT + cells were RFT2 

‘Removed by RFT2 + RFT8 (CD7 + CD8). N1/N2 

tt Residual additional TdT — myeloblasts: 71% (Fig 2E) 

10,000 RBCs) no residual IgM +, A + 


0.03. No residual TdT 4 
* *When the whole slide was scanned ( 


negative with other MoAbs listed in Table 1. Patient | had 
no remaining identifiable TdT+ cells per 5,000 admixed 
RBC following incubation with RFAL-3 and C (N1:<1), 
but had 4,200 TdT + cells per 5,000 RBC (N2) following 
incubation with an irrelevant, unreactive MoAb (anti-CD7) 
and C'. The scanning of slides revealed no TdT + cells among 


:2 x 10* RBC (>4 log kill). The morphological analysis of 


purged cells showed myeloid cells, plasma cells, and small- 
and intermediate-sized lymphocytes of the T3*, TdT 
(normal T cells). In Patient 2 the first analysis revealed 


type 


HLA-DR + normal BM precursor cells. No TdT + 


(Fig 2D), and additional CD19 (SB4) was required to obtain a >4 log kill 


HLA-DR 
10,000 RBC ( 


T-ALL blasts were seen in > 10,000 RBC (>-4 log specific kill). 
4 log kill) 


celis were seen (>4 log kill) 


residual TdT + cells following incubation with RFAL-3 and 
C' (N1: 189 per 5,000 RBC in the treated aliquot) and 5,100 
TdT+ cells per 5,000 RBC in the control (N2). This 
corresponds to 3.7% residual disease (N1/N2). This latter 
population expressed CD10 antigen strongly (Fig 2C), point- 
ing to suboptimal C’ activity. The experiment was repeated 


with a fresh C’ sample, and the blast cell lysis was now 
efficient (>4 log kill). 

Patient 3 had a small population of residual TdT + cells 
(NI, 72; NI/N2, 1.4%) but these were CD10 


The TdT + 





Fig 2. 


Quantitative assessment of ALL blast lysis with RFAL-3 (CD10, of the IgM class) and C'. The leukemia samples (> 90% blasts) are 


mixed with equal numbers of inert human RBC. (A) RFAL-3 and C' have eliminated all blasts; no residual TdT + cells are seen (see also 
patient 1 in Table 3). (B) Irrelevant MoAbs and C’ are used, and TdT + blasts survive. (C) The lysis is not fully effective, and a few TdT + 
cells remain that carry CD10 (cALL antigen, see arrow; from patient 2). The asterisk shows a dead lysed blast. (D) The residual TdT + cells 


lack RFAL-3 (CD10) reactivity (patient 3). (E) A mixed leukemia is shown. The blast cells are not lysed by RFAL-3: TdT 


, myeloid blasts 


(patient 9 in Table 3). Photographs are double (A, B) or triple (C, D) exposures of the same field with IF and phase contrast. 
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blasts were not clearly identifiable by morphology and 
masqueraded as lymphocytes. The purging was repeated 
with a mixture of MoAb RFAL-3 (anti-CD10) and SB4 
(anti-CD19), and no identifiable TdT + cells were left (>4 
log kill). Identical results were seen when instead of human 
RBC normal bone marrow was the source of added inert cells 
(patient 3b in Table 3). These results emphasize the need for 
using cocktails. 

A sample of PB taken from patient 4 in early relapse had a 
mixture of normal T lymphocytes (T3+, HLA-DR-, 
TdT —) and leukemia (TdT +, HLA-DR +, T3 — ), identified 
in T3/TdT and HLA-DR/TdT double-marker assays. The 
TdT + blast cells were heterogeneous: only 40% of these were 
CD10*. Only this subset of blast cells was lysed by CD10 
(N1, 3,200; NI/N2, 71%). By adding further Abs to CD19, 
CD9, and CD24, larger percentages of TdT + blasts were 
eliminated, but a few always remained (N1/N2, > 10%). We 
could not find a fully efficient Ab cocktail for purging the 
leukemia of patient 4. 

Patient 5 had a cALL antigen—negative null ALL (CD10, 
totally negative; HLA-DR+, TdT+). Consequently, the 
incubation with RFAL-3 was ineffective (N1/N2, 97%). On 
the other hand, the blast cells were CD19+, CD24+. Good 
lysis (>4 log cytoreduction) was achieved in this patient with 
anti-CD24 (BAL MoAb).? 

Patients 6 to 8 had T-ALL: CD7*, mostly CD2^, and 
essentially negative with MoAbs detecting other non-T anti- 
gens (except a variable CD10 expression, see patient 6). 
Following the incubation with RFT2 (anti-CD7) and C', in 
all three cases a drastic reduction of TdT cells was 
observed. In patient 6 the lysis of TdT + cells was complete 
(74 log). When the test was repeated (in 6b) using admixed 
normal BM, 2.6% residual TdT + cells were seen, but these 
were all HLA-DR +, CD7-— (10? TdT +, HLA-DR + cells 
counted). It is therefore concluded that the specific lysis of 
T-ALL was >4 log in the presence of both human RBC and 
BM. In patient 7 the residual leukemia was 1.4% (N1/N2). 
These cells were CD8*, and the incubation with (RFT2 
[anti-CD7] + RFT8 [anti-CD8]) cocktail was fully efficient 
(74 log kill). In the BM sample of patient 8, five residual 
TdT + cells were observed per 5,000 RBC (0.1% of TdT + 
blasts, N1/N2). This BM, only partially involved, contained 
residual HLA-DR +, CD7 —, TdT + cells (normal BM pre- 
cursors). These were, again, preserved during the treatment 
with MoAb to CD7 and C’. 

It is relevant that in the unpurged samples of patients 2, 6, 
and 7 morphologically identifiable blast cells (10% to 22%) 
were TdT-- but still expressed the relevant leukemia- 
associated membrane antigens: CD10 in patient 2 (see arrow 
in Fig 1A), CD7 in patient 6, and CD7 + CDS in patient 7. 
Thus the proportions of residual TdT — blast cells after the 
purge were low. By contrast, the BM smears from patient 9 
had a mixed lymphoid /myeloid blastic transformation of a 
chronic granulocytic leukemia (Philadelphia chromosome- 
positive). The two blast cell populations were CD10*, TdT + 
lymphoid, and MCS-2+, TdT — myeloid. After having been 
incubated with RFAL-3 (anti-CD10) and rabbit C', the 
purged sample had few TdT+ cells (NI: 66 representing 
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3.3% of TdT + leukemia). Nevertheless, 71% leukemic cells, 
TdT — myeloid blasts, were seen (Fig 2E). 

Finally, patient 10 had 88% blasts (L3 morphology, 
RFB7+, HLA-DR+, IgM+. TdT —). B blasts were elimi- 
nated by RFB7 and C' as was confirmed by the disappear- 
ance of IgM + cells (N1/N2, 0.02555). 


DISCUSSION 


MoAbs of different isotypes are available against the same 
leukocyte differentiation antigens (CD clusters). Their 
use with isotype-specific second layers together with the 
availability of directly labeled and biotin-conjugated Abs 
facilitates the clinical applications of double-color IF sys- 
tems." The microplate method summarized before is use- 
ful for the following reasons: (1) This rapid assay with 
multiple sample-handing yields results for 12 Abs within less 
than | hour. This first round includes the CD groups of 
MoAbs that are also available commercially and uniformly 
used in many laboratories (Table 1).?? (2) The analysis 
selects relevant membrane-labeled blasts for immediate dou- 
ble labeling with anti-TdT in order to define the immuno- 
logic diagnosis in leukemias with low counts and with mixed 
features (see patients 4 and 9, respectively, Table 3). (3) 
Finally, following the rapid diagnosis, the C'-mediated lysis 
with C'-fixing MoAbs and their cocktails is studied as the 
necessary first step to investigate in individual patients the 
feasibility of BM purging during autologous BMT. 

In order to make these assays quantitative and sensitive, 
two features have been introduced. First, after the leukemic 
cells were mixed with known numbers of “bystanders,” or 
inert cells, in roughly equal proportions, their numbers were 
counted in a unit volume of inert cells (eg, 5,000 cells) before 
and after C'-mediated lympholysis. In cases with «0.0296 
residual leukemia, additional inert cells have been scanned in 
an even larger area of cell spreads (>2 x 10*) in order to 
observe >4 log kill. It has been demonstrated before that the 
simplest inert cells are human RBC, but the C'-mediated 
lympholysis is also effective in the presence of normal BM 
(Table 3, patients 3b and 6b). Second, to follow leukemic 
cells through this process, a robust marker, independent of 
the Abs used for C' lysis, was employed. Anti- TdT antibod- 
ies* are well suited for this purpose as they detect nuclear 
antigens in immature lymphoid cells and their malignant 
counterparts. This cellular localization helps the rapid scan- 
ning of cytospin spots on slides. We have demonstrated three 
different membrane marker-TdT combinations that employ 
MoAbs as primary reagents. Other independent membrane 
markers such as monoclonal Ig for malignant B cells in 
patient 10 or cytoplasmic staining with MoAbs to CD22" 
are also suitable. 

During the standardization of the purging assay two 
surprising observations were made. First, it has been shown 
that the method is suitable to identify even single TdT + cells 
on slides carrying >2 x 10* inert cells. Thus the study of >4 
log kill is feasible. Four examples have demonstrated how to 
exploit such sensitivity: (1) Patient 8 had originally pre- 
sented with T-ALL, and after efficient purging using RFT2 
MoAb (anti-CD7), the few residual TdT+ cells (0.1%) 
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expressed the phenotype of normal BM precursors. (2) In 
patient 2 the assay gave an early indication about the partial 
loss of C' activity in the stored rabbit serum, but a new batch 
completely cleared TdT + blasts. (3) Our assay was neces- 
sary to search for MoAb cocktails that provided an appar- 
ently complete lysis of TdT + leukemia in the presence of 
human C' (Janossy, Campana, and Bekassy; manuscript in 
preparation). (4) Finally, in samples from patients 3 and 7 
the single MoAbs used (RFAL-3 and RFT2, respectively) 
were insufficient to give full lysis with rabbit C' (1.495 
residual TdT + cells in both). With the help of this assay a 
more efficient MoAb cocktail was found in patient 7. It can 
therefore be concluded that the sensitivity of the purging 
assay is useful. 

The other unexpected observation has been that in rela- 
tively large proportions of leukemias an effective (>4 log) 
elimination of TdT + cALL and T-ALL blast cells could be 
achieved with rabbit C' and single MoAbs (48% of ALL 
cases tested) or with MoAbs cocktails (77% of patients; 
Janossy and Campana, manuscript in preparation). These 
MoAbs and C' are now in use to decrease the malignant 
contamination in BM samples taken from patients in remis- 
sion. These observations taken together with the excellent >3 
log lysis in three BM samples harvested in relapse indicate 
that fresh leukemic cells show the same or even increased 
sensitivity to C'-mediated lysis when compared with cell 
lines. ^? 

Our study is in agreement with previous observations that, 
partly by the help of clonogenic assays obtained with contin- 
uously growing cell lines of different (ie, CALL, T, or B) 
origin, have established the conditions for C'-mediated lysis. 
These include two rounds of C' incubation for 45 to 60 
minutes each and the use of DNAse.*'"" In addition, we 
used 30-day rabbit C' taken from 1-month-old animals with 
low levels of maternal Ig. This nontoxic C' source is easy to 
standardize. In all these studies the cytoreduction of MoAb- 
reactive cells was mostly >4 log!" although certain cell 
lines such as Ly67'' and KM3" were relatively resistant with 
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only a 1 to 2 log decrease in spite of good MoAb reactivity. It 
remains unsolved whether this resistance has been acquired 
during the selection of cell lines or whether it represents the 
inherent features of some cases of leukemia /Iymphoma. 

Most of these clonogenic studies have not been designed to 
investigate the elimination of unwanted cells in a clinical 
setting. Only very recently has it become possible to intro- 
duce liquid culture assays for freshly established lines of 
Burkitt origin that still closely reflect the features of the 
original tumor. With the help of this test it has been 
possible to demonstrate a >6 log kill with MoAb cocktails of 
RFB7, SB4, and Y29/55, a cytoreduction that can be 
achieved with magnetic beads only when this technique is 
most carefully standardized (M. Favrot and I. Philip, manu- 
script in preparation). [t is more difficult to grow ALL blasts 
freshly obtained from patients. *"" The serum and growth 
factors are not yet fully characterized, and the plating 
efficiency is lower than with Burkitt's lymphoma. 

In conclusion, the techniques described here will contrib- 
ute not only to the selection of patients but also to that of the 
therapeutic MoAbs that fix rabbit and human C’. It is 
envisaged that our methods will help to find the tailor-made 
conditions for purging the BM in individual patients includ- 
ing the quality control of the clinical procedure, while the 
complementary clonogenic assays for ALL, perhaps after 
further development for reproducibility, may yield addi- 
tional results for confirming the degree of depletion above 
the 4 log range of cytoreduction, as has been recently 
demonstrated in fresh explants obtained from Burkitt's lym- 
phomas.? 
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Biosynthesis of Factor XIII B Subunit by Human Hepatoma Cell Lines 


By Janice A. Nagy, Per Henriksson, and Jan McDonagh 


The plasma transglutaminase, factor Xllla (FXlila), cir- 
culates as a zymogen containing two proteins, A and B, 
arranged in a noncovalent tetrameric complex, A,B,. Bio- 
synthesis of plasma FXIII has not previously been demon- 
strated. In the present study, direct evidence has been 
obtained that two human hepatoma cell lines, Hep G2 and 
PLC/PRF/5, synthesize and secrete FXII B protein. 
Secretion of the B subunit of FXIII by Hep G2 was demon- 
strated by immunoblotting. De novo synthesis by Hep G2 
was confirmed in “S-methionine-labeled cultures. Radiola- 
beled conditioned medium was concentrated, mixed (1:1) 
with purified B protein, and examined by crossed immu- 
noelectrophoresis with antiserum to the B subunit. The 
single protein precipitin arc of purified B protein comi- 
grated with the radiolabeled FXIII from Hep G2 visualized 
by autoradiography, indicating both electrophoretic and 


ACTOR XIII (FXII) is a zymogen of the blood coagu- 
lation system that in its active form, functions as a 
transglutaminase to stabilize fibrin clots by catalyzing the 
formation of e(y-glutamyl)-Iysyl cross-links between the y 
chains and between the a chains of fibrin monomers.'? FXII 
is essential for normal hemostasis, and it may also have a 
more general role in various processes involving cell prolifer- 
ation, including wound healing and tissue repair, tumor 
growth and metastasis, and atherosclerosis) The FXIII 
proenzyme is found as both an extracellular and an intracel- 
lular zymogen.* In plasma, FXII is composed of two non- 
identical polypeptide chains, A (molecular weight [mol wt], 
75,000) and B (mol wt, 87,000), that are associated nonco- 
valently as a tetrameric complex with the molecular formula 
A;B,7* Intracellularly, the FXIII zymogen consists of only 
the A subunit in the dimeric form A;? The transglutaminase 
activity resides in the A subunit and is dependent on an 
active-site sulfhydryl group.*" Generation of full enzymatic 
activity from either form of the zymogen requires proteolytic 
modification of the A subunit by thrombin and conforma- 
tional alteration of the A subunit by calcium ions.”* In the 
case of plasma FXII, full activation is also accompanied by 
dissociation of the B subunit. In addition to its distribution in 
plasma and platelets, FXIII has been found in placenta, 
uterus, megakaryocytes, and prostate tissue." More recent- 
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antigenic identity. The data presented here represent the 
first demonstrations of biosynthesis of FXIII B protein by 
any cell type and suggest that the liver is the site of 
synthesis of FXIII B protein. Further analysis of concen- 
trated Hep G2 serum-free conditioned medium (SFCM) and 
cell lysate by immunoblotting following nondenaturing aga- 
rose gel electrophoresis demonstrated the FXII A protein 
as well as the B protein and also revealed synthesis and 
secretion of the A and B proteins by PLC/PRF/5. Crossed 
immunoelectrophoresis studies of Hep G2 SFCM and cell 
lysate suggest that Hep G2 cells also synthesize and 
secrete the plasma FXill zymogen. With a specific radioim- 
munoassay for B protein, FXIII was found in Hep G2 SFCM 
at approximately 4 ng/ mL; with an amplified rocket immu- 
noelectrophoresis technique the level was ~5 ng/mL. 

o 1986 by Grune & Stratton, Inc. 


ly, FXIH has been demonstrated in monocytes and perito- 
neal macrophages." "^ All of these intracellular zymogens 
consist of only A subunits, and they are immunochemically 
and electrophoretically identical to the platelet zymogen.^* 

Although FXIII has been demonstrated in various tissue 
types, the actual site or sites of synthesis have not been 
unequivocally determined. Strong but indirect evidence indi- 
cates that the megakaryocyte, the platelet progenitor, is the 
synthetic site for platelet FXIIL^ The human monocyte- 
macrophage cell line U937 has been shown to synthesize A 
protein," but synthesis of intracellular FXIH in other tissues 
has not been reported. Little is known concerning the biosyn- 
thesis of plasma FXHI. The liver has been suggested as the 
site of synthesis, since some patients with chronic liver 
disease have decreased levels of FXII activity in plasma." 
However, other studies have shown that plasma FXII levels 
can remain normal in most cases of hepatic disease.! Immu- 
nofluorescent and immunoperoxidase techniques have also 
been used to search for an intracellular location of plasma 
FXII, with conflicting results. Two such studies using 
hepatocytes indicated that FXIII A and B proteins are 
located in the liver'®'’: however, another study reported the 
presence of both FXill A and B subunits in placenta, 
megakaryocytes, and in fibroblasts but found hepatocytes to 
be negative for both A and B proteins. 

The study presented here was undertaken to address the 
question of the site of synthesis of plasma FXIII. A well- 
characterized human hepatoma cell line, Hep G2, has mor- 
phological characteristics similar to those of normal liver 
parenchymal cells? and has the ability to secrete a number of 
human plasma proteins," including those involved in fibrino- 
lysis, ? coagulation? and complement activation.” In 
this study, Hep G2 was selected as a prototype of hepatocytes 
and used to investigate FXIII biosynthesis. These cells have 
been found to synthesize and release the B protein into the 
culture medium. The secreted FXIII B protein is immuno- 
chemically identical to the plasma FXHI B subunit. In 
addition, the synthesis and secretion of the B protein by 
another human hepatoma cell line, PLC/PRF/5, has been 
documented. This work provides firm biochemical evidence 
to suggest that the liver is the site of biosynthesis of plasma 
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FXII B protein. Furthermore, preliminary studies suggest 
that Hep G2 and PLC/PRF/S cells also synthesize the 
FXIII A protein and synthesize a FXIH zymogen identical 
to extracellular or plasma FXII (A,B,). 


MATERIALS AND METHODS 


Materials. Dulbecco’s modified Eagle's medium (DMEM), 
methionine-free minimum essential medium (MEM), trypsin- 
EDTA, Hanks' balanced salt solution (HBSS), and penicillin/ 
streptomycin solutions were obtained from GIBCO Laboratories 
(Grand Island, NY); fetal bovine serum (FBS) was from Whittaker 
M.A. Bioproducts (Walkersville, MD). L-[?S]-methionine (1,400 
Ci/mmol) and [1,4(n)-H] putrescine (15 Ci/mmol) were pur- 
chased from Amersham Corp (Arlington Heights, IL), and '*I- 
protein A from Dupont NEN Research Products (Wilmington, DE). 
Immunoelectrophoresis buffer I (0.1 mol/L barbital), acrylamide, 
and sodium dodecyl sulfate (SDS) were obtained from Bio-Rad 
Laboratories (Richmond, CA), SeaKem Agarose ME and Gel Bond 
film NF were from FMC Marine Colloids, (Rockland, ME). Nitro- 
cellulose sheets (0.22 umol/L) were purchased from Schleicher and 
Schuell (Keene, NH), XAR-2 film from Eastman Kodak Co. 
(Rochester, NY), and Ultrafilm from LKB (Gaithersburg, MD). 
Centriflo CF25 ultrafiltration membrane cones were obtained from 
Amicon Corp (Danvers, MA) and Pansorbin from Calbiochem- 
Behring Corp (La Jolla, CA). Prestained protein high-mol wt 
standards were obtained from Bethesda Research Laboratories 
(Gaithersburg, MD) and bovine thrombin from Parke-Davis Co 
(Morris Plains, NJ). Phenylymethylsulfonylfluoride (PMSF), p- 
chloromercuribenzoate, ovalbumin, and benzamidine were obtained 
from Sigma Chemical Co (St Louis). 

Plasma FXII was prepared from recovered human plasma 
(American Red Cross Blood Program, northeast region) as previ- 
ously described.” Purified FXIII B subunit was obtained from the 
thrombin-treated zymogen by affinity chromatography on organo- 
mercurial agarose.” Purified FXIII A, was prepared from placental 
concentrate (Fibrogammin, Behringwerke AG, Marburg, Germany, 
kindly provided by Drs Heimburger and Karges) as described. The 
rabbit antiserum to the B subunit of FXIII has been previously 
described." The rabbit antiserum to the A subunit of FXIII was 
purchased from Calbiochem-Behring (Clotimmune anti-FXIH A). 
US-EXHI A, and '"PI-FXHI A,B, were prepared using Na '?l 
(Dupont NEN Research Products) and Enzymobeads (Bio-Rad) by 
the solid-phase lactoperoxidase-glucose oxidase procedure.” After 
labeling. each radioligand was repurified on diethyl aminoethyl- 
high-performance liquid chromatography with linear salt gradient 
solution. 

Cell culture. The human hepatoma cell line Hep G2 was 
provided by Drs Barbara B. Knowles and David P. Aden of the 
Wistar Institute, Philadelphia. PLC/PRF/S is a tissue culture cell 
line derived from a human hepatocellular carcinoma established by 
Alexander et al? and was provided by Dr I.M. Arias of Tufts New 
England Medical Center. Both cell lines were cultured in DMEM 
supplemented with 10% FBS, pencillin (100 U/mL), and streptomy- 
cin (100 ug/mL). To prepare large quantities of serum-free condi- 
tioned media (SFCM), cells were seeded in T175 flasks at a density 
of 1.5 x 10? cells/flask in 50 mL of medium. When the cells had 
become adherent but not confluent (usually within one to two days), 
cultures were washed three times with 10 mL of serum-free medium 
and then incubated in 50 mL of serum-free medium for 72 hours. 
The SFCM was removed, clarified by centrifugation, concentrated 
100-fold with Amicon Centriflo CF25 ultrafiltration membrane 
cones, and stored at 4 °C or at — 80 °C. 

Cell lysate was prepared from confluent cultures. The cells were 
dissociated by trypsinization, washed three times in HBSS, and 
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lysed at a density of 10* cells/mL by the addition of 1% Triton 
X-100, 10 mmol/L Tris-HCl, 100 mmol/L NaCl, ! mmol/L 
EDTA, pH 7.5, for 60 minutes at 4°C. After centrifugation for 30 
minutes at 100,000 g, the supernatant was removed and assayed 
immediately for FXIH. 

Immunoprecipitation and immunoblotting of FXIII. Hep G2 
SFCM concentrated 100-fold (250 uL) was added to anti-FXHI B 
antiserum (10 uL) and incubated for 18 hours at 4°C. Fifty 
microliters of Pansorbin was added, and the immunoprecipitates 
were collected by centrifugation, washed in buffer (0.01 mol/L Tris 
HCI, 0.1% Triton X-100, 0.5% nonidet P40 (NP-40), 0.5% deoxy- 
cholate (DOC) 0.1% SDS, 0.05% Tween 20, 2 mmol/L EDTA, | 
mmol/L PMSF, 0.14 mol/L NaCl, pH 8.0), and solubilized by 
boiling for ten minutes in SDS-polyacrylamide gel electrophoresis 
(PAGE) sample buffer (10% glycerol, 3% SDS, 0.025 mol/L 
Tris-HCl, pH 6.8, 0.01% bromophenol blue, 5% 2-mercaptoetha- 
nol). Purified FXIH A,B,, A, or B subunit and the dissolved 
immunoprecipitates from Hep G2 SFCM were electrophoresed*® 
and then electrophoretically transferred to nitrocellulose.” After the 
transfer, the nitrocellulose was washed with Blotto” for 30 min, 
followed by 3% hemoglobin 0.01 mol/L phosphate buffer, 0.15 
mol/L NaCl, pH 7.3, and 0.1% sodium azide (Hb/PBSa, Sigma, St 
Louis) for 30 min then reacted with monospecific antiserum to 
FXIH B subunit diluted in 3% Hb/PBSa. Detection of FXIH B 
subunit was facilitated by the addition of '*I-protein A followed by 
autoradiography. 

Metabolic labeling of intracellular and secreted proteins, Con- 
fluent cultures of Hep G2 cells (5 x 10? cells/T175 flask) were 
rinsed three times with labeling medium and incubated with 15 mL 
of labeling medium for 15 minutes at 37 °C, 5% CO. The labeling 
medium prepared from the MEM Selectamine Kit (GIBCO) lacked 
FBS and contained 10 wmol/L rather than 100 gmol/L t- 
methionine. L-[°S]-methionine was added to a concentration of 100 
to 150 uCi/mL, and the cells were incubated at 37 °C, 5% CO, for 
five hours. The conditioned medium containing the intrinsically 
labeled proteins secreted by the Hep G2 cells was recovered, 
clarified by centrifugation, and concentrated 100-fold by ultrafiltra- 
tion. The cells were dissociated by trypsinization, washed three times 
in PBS and lysed by the addition of lysis buffer (1% Tritox X-100, 
0.5% DOC in PBS, 4°C, one hour). After centrifugation for 30 
minutes at 100,000 g, the supernatant was concentrated 20-fold by 
ultrafiltration. The concentrated lysate and conditioned medium 
were both stored at — 80 °C. 

Crossed immunoelectrophoresis (CIE). CIE was performed in 
0.876 agarose in 0.1 mol/L barbital buffer and 2 mmol/L EDTA, pH 
8.6.?*? Concentrated conditioned medium or the cell extract of 
L-[5S]-methionine-labeled cultures of Hep G2 was mixed 1:1 with 
either purified B protein, normal plasma, or purified FXIII A,B). 
Electrophoresis in the first dimension was carried out at 10 °C at 10 
to 12 V/cm for two hours. Strips of agarose were then transferred to 
an 0.8% agarose gel containing 0.5% antiserum to the B subunit. 
Electrophoresis was carried out in the second dimension for 18 hours 
at 2 V/cm, 10 °C. Gels were then washed in saline, rinsed, covered 
with filter paper. compressed, and rehydrated with saline. This 
washing procedure was repeated three times to remove residual, 
nonimmunoprecipitated proteins. Gels were then dried onto Gel 
Bond film and stained with Coomassie brilliant blue. The CIE gels 
were then subjected to autoradiography with LKB Ultrafilm. 

Agarose gel electrophoresis. Agarose gel electrophoresis was 
performed at 10°C and 20 V/cm in i-mm-thick gels containing 
0.8% agarose for 1.5 hours in 0.1 mol/L barbital buffer and 2 
mmol/L EDTA, pH 8.6." The proteins were transferred from the 
agarose gel to nitrocellulose by capillary action.” The nitrocellulose 
was then treated as described above with either anti-FXIH A or B 
antiserum followed by '**I-protein A. 
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Rocket immunoelectrophoresis. Quantitation of the FXII in 
Hep G2 SFCM was performed immunochemically by rocket immu- 
noelectrophoresis? coupled with an amplification procedure devel- 
oped specifically for the detection of nanogram quantities of FXIII 
A,B, antigen. Electrophoresis was carried out in agarose (1% 
wt/vol) containing anti-FXIHI B antiserum in Tris-barbital buffer 
(0.03 mol/L Tris, 0.1 mol/L barbital, pH 8.6) at 5 V/cm, 10 °C for 
18 hours. After electrophoresis, the gel was incubated with 50 mL of 
-protein A in 3% Hb/PBSa (150,000 cpm/mL) for one hour, 
covered with filter paper, and compressed with a weight. The gel was 
then rehydrated and washed in saline. This procedure was repeated 
three times to ensure the complete removal of an "5I-protein A not 
bound to the precipitate. The gel was dried onto a sheet of Gel Bond 
film and subjected to autoradiography with XAR film. Pooled 
human plasma, used as a standard, was assumed to contain 30 
pg/mL FXI.” The precision of this method was +5% in the height 
of the rocket, and the sensitivity was 0.5 ng of FXHI A,B}. 


RESULTS 


SFCM from Hep G2 cell cultures was examined for the 
presence of FXHI B protein by means of immunoblotting. 
Initially, Hep G2 SFCM was treated with Blue Sepharose 
(Pharmacia, Piscataway, NJ) to remove cell-secreted albu- 
min (which caused severe distortion of the protein band in 
the area of the FXIII subunit) and then concentrated by 
ultrafiltration. By SDS-PAGE followed by immunoblotting, 
the B protein was detected as a very faint band in the 
autoradiogram, and the mobility of the subunit was similar 
to that of the purified polypeptide chain. However, despite 
removal of most of the interfering albumin, the amount of 
Hep G2 SFCM that could be loaded into one well of the 
polyacrylamide gel without band distortion limited the level 
of detection of FXIII B protein by this method. 

To overcome these limitations, immunoprecipitation was 
coupled with the immunoblotting detection system. Mono- 
specific anti-FX1II B antiserum was used to immunoprecipi- 
tate FXII] from the concentrated Hep G2 SFCM. The 
immunoprecipitate was then electrophoresed on SDS-poly- 
acrylamide gels, transferred to nitrocellulose, and detected 
with anti-FXIII B antiserum. Figure | shows the results of 
such an experiment. Lane 2 contains the immunoprecipi- 
tated material from the concentrated (100-fold) Hep G2 
SFCM. Included for comparison in the gel are FXIII A,B, 
(lane 1), FXIII A; (lane 3), and FXIII B protein (lane 4). 
These results shows that the anti-FXIII B antiserum did not 
cross-react with the A subunit and that the mobility of the 
band in the immunoprecipitated material from the Hep G2 
SFCM that is recognized by the anti-FXIII B antiserum is 
identical to that of the B subunit of FXII. The intensity of 
the FXIII B subunit detected in the Hep G2 SFCM was 
dependent on the amount of SFCM used for the immunopre- 
cipitation as well as the degree to which the Hep G2 SFCM 
has been concentrated. This method provided a means of 
further concentrating the FXIII B protein from the SFCM 
(already concentrated 100-fold) prior to electrophoresis. 

Direct evidence that the FXIII detected in Hep G2 SFCM 
was specifically synthesized and secreted by these cells was 
obtained by metabolic protein labeling with L-[5S]-methio- 
nine. Demonstration that the intrirsically labeled FXIII was 
identical to FXIII B protein was obtained by CIE. Radiola- 
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Fig 1. Identification of FXII B subunit secreted by Hep G2. 
immunoblot of purified and Hep G2 FXIII analyzed by SDS-PAGE 
(7% resolving, 3% stacking) under reducing conditions. The pro- 
teins were transferred to nitrocelluiose electrophoretically (70 V, 
600 mA, 10 'C, 18 hours). The nitrocellulose paper was incubated 
with antiserum to FXIII B subunit, and the reacting proteins were 
detected by reaction with "*I- protein A followed by autoradiogra- 
phy. Lane 1, 140 ng of purified FXIII A,B,; lane 2, immunoprecipi- 
tate from 250 ;:L of 100-fold-concentrated SFCM and 10 pl of 
anti-FXIIl B subunit antiserum; lane 3, 120 ng of purified FXII Az; 
lane 4, 140 ng of purified FXIII B subunit. Mol wt standards were 
myosin, 200,000; phosphorylase B, 92,500; BSA, 68,000; ovalbu- 
min, 43,000; chymotrypsinogen, 25.700; lactalbumin, 18,400; and 
cytochrome C, 12,300. 


beled conditioned medium was concentrated 100-fold, mixed 
with purified FXIII B protein, and anayzed by CIE in 
agarose gels that contained antiserum to the FXIII B subunit 
in the second dimension. The protein-stained pattern is 
shown in Fig 2A and the corresponding autoradiograms in 
Fig 2B. The Coomassie staining pattern and the correspond- 
ing autoradiogram showed single immunoprecipitation arcs 
with identical mobility and area. Figure 2 shows that the 
radiolabeled FXII present in the culture medium comi- 
grated with purified FXIII B protein, indicating both elec- 
trophoretic and antigenic identity. These results imply that 
the intrinsically labeled FXIII was identical to the FXIII B 
protein. 

Efforts to immunoprecipitate the FXII A protein from 
the Hep G2 SFCM with anti-FXIII A antiserum and to 


SYNTHESIS OF FXIII B SUBUNIT BY HEPATOMA CELLS 


A 


Fig 2. Analysis of the FXIII protein synthesized and secreted 
by Hep G2 by CIE. Cultures of Hep G2 cells were intrinsically 
labeled with L-["S]-methionine. The supernatant from these cells 
was concentrated and added to purified FXIII B protein and 
electrophoresed v agarose containing anti-FXIII B antiserum at a 
concentration of 0.5%. Panel A contains the Coomassie blue- 
stained immunoprecipitate while panel B contains the correspond- 
ing autoradiogram. Fifteen microliters of 100-fold-concentrated 
Hep G2 SFCM were used plus 15 uL of FXIII B protein, 30 ug/mL. 


detect it following SDS-PAGE by immunoblotting or to 
detect it by CIE with anti-FXIII A antiserum were largely 
unsuccessful. In addition, when FXIII in Hep G2 SFCM was 
immunoprecipitated with anti-FXIII B antiserum, no FXIII 
A protein was detected by immunoblotting using anti-FXIH 
A antiserum in an SDS-polyacrylamide gel system. How- 
ever, the FXIII A subunit was detected (in a degraded form 
in SFCM) by nondenaturing agarose gel electrophoresis 
coupled with immunoblotting. 

The technique of agarose gel electrophoresis under non- 
denaturing conditions has previously been used to study the 
FXIII proteins. Figures 3 and 4 show the electrophoretic 
pattern of various molecular forms of FXIII compared with 
the FXIII found in Hep G2 SFCM. Detection of FXIII B 
with anti-FXIII B antiserum is shown in Fig 3, while 
detection of FXII A protein with anti-FXIII A antiserum is 
shown in Fig 4. In both Figs, lane | contained FXIII A;; lane 
2. FXII A,B; and lane 3, FXIII B protein. Under the 
nondenaturing conditions used, FXII A,B, and FXIII A; 
have the same electrophoretic mobility“ but can be distin- 
guished when this method is coupled with immunoblotting 
(ie, FXII A; does not react with antiserum to B protein, Fig 
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Fig 3. Nondenaturing agarose electrophoresis of purified FXII 
proteins and Hep G2 SFCM at pH 8.6: detection of FXIII B subunit 
The following samples were used: (1) FXIII A,, 0.35 ug/mL (2) 
FXIIl A,B, 0.35 ug/mL; (3) FXII B, 0.38 ug/mL; (4) Hep G2 
100-fold-concentrated SFCM; (5) Hep G2 50-fold-concentrated 
SFCM: (6) PLC/PRF /5 100-fold-concentrated five-day SFCM; (7) 
PLC/PRF /5 136-fold-concentrated three-day SFCM: and (8) '?^l- 
labeled FXIII B protein. Twenty microliters of each sample were 
loaded per slot. After electrophoresis (10 V/cm, 10 °C, two hours), 
samples were transferred from the agarose gel to nitrocellulose 
paper by capillary action. The nitrocellulose was treated with 
anti-FXIII B antiserum followed by "*I-protein A. The bands were 
visualized by autoradiography. The arrow indicates the sample 
application well. The direction of migration of FXIII protein is 
toward the anode. 


3. lane 1. while FXII A,B, does react, Fig 3, lane 2). The 
results for the control samples in lanes | to 3 from both Figs 3 
and 4 indicate that in this system both antisera are specific 
for their respective FXIII subunits and do not cross-react 
with the other subunit. Furthermore, the antisera each react 
with the purified subunit as well as with the subunit in the 
complexed form. In Figs 3 and 4, lanes 4 and 5 contain 
concentrated Hep G2 SFCM (100- and 50-fold, respec- 
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Fig 4. Nondenaturing agarose electrophoresis of purified FXII 
proteins and Hep G2 SFCM at pH 8.6: detection of FXIII A subunit 
The following samples were used: (1) FXIII A}. 0.35 pg/mL; (2) 
FXII A,B, 0.35 ug/mL; (3) FXII B, 0.38 ug/mL; (4) Hep G2 
100-fold-concentrated SFCM; (5) Hep G2 50-fold-concentrated 
SFCM: (6) PLC/PRF/5 100-fold-concentrated five-day SFCM; (7) 
PLC/PRF/5 136-fold-concentrated three-day SFCM: (8) PLC 
PRF/5 cell lysate (10° cells/mL); (9) Hep G2 cell lysate (10* 
cells/mL); and (10) "5I-Iabeled FXIII A,. Twenty microliters of each 
sample were loaded per slot. After electrophoresis (10 V/cm, 
10 °C., two hours) the samples were transferred from the agarose 
gel to nitrocellulose paper by capillary action. The nitrocellulose 
was treated with anti-FXIII A antiserum followed by "*I-protein A 
The bands were visualized by autoradiography. The arrow indi 
cates the sample application well. The direction of migration of 
FXIII protein is toward the anode. 
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tively). These results in Fig 3 indicate that both samples of 
the Hep G2 SFCM were positive for B protein. The freshly 
prepared Hep G2 SFCM showed a diffuse band for A protein 
(Fig 4, lane 5) but the Hep G2 SFCM that had been stored 
for several weeks at 4 °C showed a band of faster mobility, 
probably indicating degraded A protein (Fig 4, lane 4). 

Concentrated SFCM from another human hepatoma cell 
line, PLC/PRF/S, was also examined in this agarose gel 
electrophoresis system. These cells were maintained in cul- 
ture in the absence of FBS for up to five days with good 
viability. Figure 3, lanes 6 and 7, shows that two samples of 
PLC/PRF/S SFCM were positive for FXII B protein. In 
Fig 3, lane 8 shows the mobility of "51-FXIII B protein. The 
PLC/PRF/5 SFCM was also positive for FXII A protein 
(Fig 4, lanes 6 and 7). The fresh lysates of both cell lines were 
also found to be positive for A protein (Fig 4, lanes 8 and 9). 
In Fig 4, lane 10 shows '*I-FXIII A, protein. The cell lysates 
of both lines also showed weak bands for the B protein (data 
not shown). 

Evidence that intrinsically labeled Hep G2 SFCM and cell 
lysate contained FXII identical to plasma FXIII in addition 
to FXII B protein was obtained by CIE. Radiolabeled 
conditioned medium and cell layer extracts were concen- 
trated 100-fold and 20-fold respectively, mixed with pooled 
human plasma or purified FXIII A,B,, and analyzed by CIE 
in agarose gels that contained antiserum to the FXIII B 
subunit in the second dimension. Protein-stained patterns are 
shown in Fig 5A and their corresponding autoradiograms in 
Fig 5B. Lane | contains Hep G2 SFCM plus normal plasma, 
lane 2 contains Hep G2 SFCM added to purified FXIL 
A,B, and lane 3 shows Hep G2 cell lysate mixed with 
purified FXII A,B,. The antiserum used in this analysis 
reacted with normal human plasma to form a single symmet- 
rical peak. In plasma, FXIII is present as the A,B, tetramer; 
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Fig5. Analysis of FXIII synthesized and secreted by Hep G2 by 
CIE. Cultures of Hep G2 cells were intrinsically labeled with 
L-["S]-methionine. The supernatant or lysate from these cells was 
concentrated and added to normal plasma or purified FXIII A,B, 
and electrophoresed v agarose-containing anti-FXIII B antiserum 
at a concentration of 0.596. Panel A contains the Coomassie 
blue-stained immunoprecipitates while panel B contains the cor- 
responding autoradiograms. Lane 1, 15 ul of 100-fold-concen- 
trated Hep G2 SFCM plus 15 uL of FXIII A,B,, 35 ug/mL; lane 2, 15 
uL of 100-fold-concentrated Hep G2 SFCM plus 15 ul of normal 
plasma; and lane 3, 30 ul of 20-fold-concentrated Hep G2 lysate 
plus 5 uL of FXIII A,B,. 200 ug/mL. 
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no free B protein has been detected." In each case. the 
Coomassie staining pattern and the corresponding autoradio- 
gram showed single immunoprecipitation arcs with identical 
mobility and area. Figure 5 shows that the intrinsically 
radiolabeled FXIII present in the culture medium or 
extracted by Triton X-100 from the cell layer comigrated 
with the FXIII in human plasma or with purified FXIII 
AB», indicating both electrophoretic and antigenic identity. 
These results suggest that this intrinsically labeled FXIII 
was identical to the plasma FXIII molecule. 

Quantification of the FXII in Hep G2 SFCM was 
facilitated by development of an amplified rocket immuno- 
electrophoresis procedure in which trace amounts (not 
detectable by Coomassie Staining) of antigen-antibody 
immunoprecipitates in agarose are reacted with ?5|-protein 
A and visualized by autoradiography. Concentrated (100- 
fold) Hep G2 SFCM was electrophoresed into a gel contain- 
ing anti-FXIII B antiserum (Fig 6). Pooled human plasma 
was used to determine a standard curve of the height of the 
rocket v concentration of FXII. The lower limit of detection 
of FXII in normal plasma occurs at a 1:512 dilution. which 
corresponds to a lower limit of detection of 0.5 ng of FXIII 
A,B, antigen. From the height of the rocket for the Hep G2 
SFCM, the level of FXIII antigen in Hep G2 SFCM 
(unconcentrated) was determined to be approximately 5 to 
10 ng/mL. SFCM from Hep G2 cell cultures was also 
examined for the presence of FXIII A and B subunits by 


PEU. TERT NA 





o ON x 
N wv uw 

o foo fase 8 
pre”. = 4 4» = 


Fig 6. Quantification of FXIII in Hep G2 conditioned media by 
rocket immunoelectrophoresis. Rocket immunoelectrophoresis of 
dilutions of normal human plasma (np) and 100-fold-concentrated 
Hep G2 SFCM (10 uL /welll. The gel contained anti-FXIII B antise- 
rum at a concentration of 0.025%. The rockets were visualized 
with ""I- protein A followed by autoradiography. 
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means of competitive radioimmunoassay based on specific 
radioimmunoassays for the A and B proteins of FXIII that 
were developed previously.” By radioimmunoassay (data 
not shown), the total concentration of FXIII antigen was 
found to be approximately 4 to 8 ng/mL in Hep G2 SFCM 
(unconcentrated), in good agreement with the results of the 
rocket immunoelectrophoresis procedure. 

Altogether, these results clearly demonstrate synthesis 
and secretion of the FXIII B protein by both the Hep G2 and 
PLC/PRF/5 human hepatoma cell lines and suggest that 
these cells also synthesize the FXIII A protein and secrete a 
portion of the B protein as the plasma FXIII tetrameric 
complex A,B}. 


DISCUSSION 


The major focus of this work has been the demonstration 
and characterization of the FXIII synthesized and secreted 
by the cell line Hep G2. Hep G2 is a human hepatocellular 
carcinoma cell line that has morphologic characteristics 
similar to liver parenchymal cells and that appears to have 
normal biosynthetic and secretory capability.” It has been 
shown to synthesize a variety of coagulation and fibrinolytic 
proteins, including fibrinogen,” a,-antiplasmin,”’ plasmin- 
ogen activator,” prothrombin, factor X, antithrombin III, 
factor V, and factor VII?" The Hep G2 proteins that have 
been examined in detail have the same structural and 
functional characteristics as their native plasma counter- 
parts. In addition, Hep G2 cells have been shown to respond 
to vitamin K and to warfarin in regulating the synthesis and 
secretion of prothrombin% and to steroids in regulating 
fibrinogen synthesis." It is therefore clear that the Hep G2 
cell line has the capacity for normal synthesis of a number of 
coagulation proteins and the ability to respond appropriately 
to modulation by known pharmacological agents. This 
appears to be the most carefully characterized, biosyntheti- 
cally normal hepatocyte cell line available. The very low 
plasma concentration and long half-life of FXIII made it 
important to begin studies with a cell line possessing these 
characteristics. PLC/PRF/5 is another unrelated, human 
hepatocellular carcinoma cell line that, in contrast to Hep 
G2, shows a very different pattern of secreted proteins.” 
PLC/PRF/5 does not secrete fibrinogen or albumin. From 
the studies described here, it is clear that both of these 
human hepatoma cell lines synthesize and secrete the FXIII 
B protein. Previously, methods similar to those used in this 
study were employed in analysis of the human monocyte- 
macrophage cell line U-937'? and human monocytes and 
macrophages." No B-chain material could be detected in 
these cell extracts, whereas A-chain material was readily 
visualized.'!* 

Previously, some studies have suggested that FXIII is 
synthesized by hepatocytes. FXIII has been reported to be in 
the cytoplasm of liver parenchymal cells by both fluorescent 
and immunoperoxidase techniques." However, character- 
ization of the antibodies used in these studies was not 
reported. In one case, all parenchmal cells appeared to be 
positive, raising a question of antibody specificity. Given the 
concentration and half-life of FXIII in plasma, one would 
expect cellular detection to be below the sensitivity of 
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fluorescence microscopy. With specific antisera to A and B 
proteins, neither we nor others“ have been able to demon- 
strate convincing, reproducible staining by immunofluores- 
cence in hepatocytes. In addition, the Hep G2 cells appear 
negative for FXIII by immunofluorescence studies (data not 
shown). This argues for the use of more sensitive biochemical 
methods of approach rather than the reliance on a single 
method of immunohistochemistry with its problems of anti- 
body specificity and sensitivity. 

To date there has been no direct demonstration of FXIII 
synthesis and secretion by hepatocytes. Previous evidence 
based on clinical data documents reduced levels of plasma 
FXIII concomitant with liver disease in some patients but 
not in others, but in fact, a decrease in plasma FXIII 
correlates with the severity of the systemic illness rather than 
with any specific illness. 

In this work, FXIII B protein has been shown to be 
synthesized and secreted by a well-characterized hepatoma 
cell line that is known to secrete many of the proteins 
produced by normal, nonmalignant hepatocytes and also by a 
less well-characterized hepatoma cell line with a different 
pattern of secreted proteins. In our study, FXIII B protein 
has been immunochemically identified in the SFCM of these 
cell lines. This FXIII B protein was found to be antigenically 
identical to that of the human plasma FXIII B chain. This 
study represents the first detection of the B protein in any cell 
line by biosynthetic methods and the first biochemical dem- 
onstration of a site of synthesis of the plasma FXIII B 
chain. 

The results of the CIE studies using normal plasma and 
purified FXIII A;B;, are interpreted as suggesting that the 
Hep G2 cell line also synthesizes and secretes at least a 
portion of the B protein as part of the A,B, complex. 
Radiolabeling of a precipitin arc generated by CIE is not, in 
itself, conclusive evidence of the synthesis of a specific 
protein, since binding of secreted proteins to antigen- 
antibody precipitates or to proteins present in the normal 
plasma used as a carrier could give false-positive results. 
Experiments have shown? that when either A or B protein is 
present in excess it is loosely bound to the zymogen complex 
Results of our independent agarose gel electrophoresis exper- 
iments support our conclusions concerning the presence of 
both A and B proteins in the SFCM; however, confirmation 
of the prescence of the FXIII A,B, complex awaits results of 
additional metabolic labeling experiments. 

Despite repeated efforts to determine the mol wt of the A 
protein synthesized by Hep G2, visualization by immuno- 
blotting of any specific A protein band in SDS-PAGE at the 
appropriate mol wt was unsuccessful. Further investigation 
indicated that the sensitive A protein had probably under- 
gone proteolytic cleavage in the Hep G2 SFCM. Since the 
specific anti-FXIII A antibodies have a decreased capacity 
to bind to degraded FXIII A protein (as evidenced by a lack 
of precipitability of activated FXIII A; by these antibodies in 
both rocket immunoelectrophoresis and CIE [unpublished 
observations]), detection under these circumstances would 
be difficult. The results using nondenaturing agarose gel 
electrophoresis suggest A protein degradation, and possible 
B protein degradation, in Hep G2 SFCM upon storage. The 
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mobility of the degraded A protein in the agarose gel is 
similar to that of the thrombin-activated A protein.“ Evi- 
dence for the presence of proteolytic activity in Hep G2 
culture medium exists from the work of others." Factor X 
was 1solated from Hep G2 conditioned medium in both a 
single-chain form and a two-chain form. The postsecretion 
cleavage of factor X into the two-chain form was thought to 
be due to the presence of a serine protease in the Hep G2 
conditioned medium that could be inhibited by the addition 
of 1 mmol/L benzamidine to the conditioned medium. 
Addition of several inhibitors to our cultures (such as 1 
mmol/L EDTA) did not permit the detection of FXIII A 
protein in the SFCM by immunoblotting following SDS- 
PAGE but did facilitate detection of the A protein from the 
cell lysate in the agarose gels. FXIII is also known to be labile 
to degradation by granulocyte proteases such as cathepsin 
C./6?' The ability to detect A protein in the SFCM (even in 
its degraded form) by the technique of agarose gel electro- 
phoresis is probably due to the fact that this type of electro- 
phoresis is performed under nondenaturing conditions. The 
method as described represents a form of immunochemical 
analysis that does not rely on immunofixation within the 
agarose gel or on immunoprecipitation prior to electropho- 
retic analysis. The absence of any SDS permits the antigen to 
be detected in its nondenatured state. It is clear that the 
anti-FXIII A antibodies are conformationally dependent. 
Conclusions derived from our in vitro data may not 
necessarily reflect the complete in vivo scenario. Extrapola- 
tion of the synthesis of FXIII to normal human parenchymal 
cells on the basis of the ability of the Hep G2 cells and 
PLC/PRF/5 cells to secrete this protein should be made 
with some caution, since both cell lines originate from 
transformed cells. The results of the nondenaturing agarose 
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gel electrophoresis experiments suggest that between the 
time of synthesis and secretion the FXIII A protein may 
undergo processing by Hep G2 cells, which is not equivalent 
to processing by PLC/PRF/5 cells. However, the evidence 
presented here suggests that the human hepatocyte possesses 
the ability to produce plasma FXIII in vivo. Recently, the 
primary structure of human FXIII B subunit was deter- 
mined using a cDNA library prepared from human liver 
mRNA.“ Assuming the rate of secretion of FXIII by these 
transformed cells (0.15 ng/106 cells/hour) is similar to the 
rate of secretion by normal hepatocytes, liver synthesis is 
sufficient to account for the amount of FXIII present in 
plasma This calculation is based on a similar calculation for 
factor V? and assumes that the plasma volume is 2.8 L, 
plasma FXIII concentration is 30 ug/mL,; the t,,. of FXIII 
is 8.4 days," and the adult liver contains 3 x 10!! hepato- 
cytes.” The rate of secretion of FXIII was estimated from 
our results for the amount of FXIII that accumulated over a 
three-day period from a confluent culture of the Hep G2 
cells 

The control mechanisms for secretion in vivo remain to be 
definitely demonstrated, but present clinical evidence 
reflects the control of FXIII B protein expression by the 
levels of circulating FXIII A protein, at least in the cases of 
FXIII-deficient patients.? In addition, patients who are 
congenitally deficient in FXIII have little or no detectable A 
protein and about 50% B protein, whereas heterozygotes 
have about 50% A and 80% B protein. The role of this free B 
protein has not been clearly defined. Current experiments 
are in progress to use the Hep G2 cells to address questions of 
metabolism as well as to elucidate the steps involved in the 
processing, assembly, and secretion of the FXIII A,B, com- 
plex. 
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Proteolysis of Platelet Glycoprotein Ib by Plasmin Is Facilitated 
by Plasmin Lysine-Binding Regions 


By Burt Adelman, Alan D. Michelson, Joshua Greenberg, and Robert |. Handin 


We have characterized the effects of plasmin on glycopro- 
tein Ib (Gplb), a platelet membrane receptor for von Wille- 
brand factor (vWF), and on glycocalicin, a fragment of the « 
chain of Gplb that contains the vWF-binding region. The 
addition of 4.5 x 1077 mol/L plasmin to washed platelets 
caused a time-dependent decrease in ristocetin-induced, 
vWF-dependent platelet agglutination. ¢-Aminocaproic 
acid (EACA) inhibited plasmin release of glycocalicin- 
related antigen from washed platelets and preserved vWF- 
dependent platelet agglutination, thus indicating that the 
lysine-binding sites on plasmin facilitated its degradation of 
Gplb. To demonstrate a direct interaction between plasmin 


HE PLATELET surface protein glycoprotein Ib (GpIb) 
has a molecular weight (mol wt) of 170,000 and is 
composed of two disulfide-linked subunits, an « chain with a 
mol wt of about 145,000 and chain with a mol wt of about 
25,000.!? Current evidence indicates that the o subunit 
contains an important platelet-binding site for von Wille- 
brand factor (VWF). Monoclonal antibodies and heteroanti- 
bodies directed against the GpIb o subunit block binding of 
vWF to platelets and prevent vWF-dependent, ristocetin- 
induced platelet agglutination."* The «o chain may also 
provide a binding site that facilitates platelet activation by 
thrombin +$ 
In previous studies we have demonstrated that plasmin can 
degrade GpIb and thereby interfere with platelet-vWF inter- 
actions.” This effect of plasmin on platelet agglutination 
corresponds to the plasmin-mediated release of a glycocali- 
cin-related antigen from platelet GpIb. Glycocalicin is a 
heavily glycosylated fragment of the a chain of GpIb that 
contains the GpIb vWF-binding site ^^ These in vitro 
findings are consistent with the clinical observations of 
Ordinas et alf and Castillo et al that indicate that vWF- 
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and the vWF-binding region of Gplb we incubated purified 
glycocalicin with plasmin. Plasmin degraded the glycocali- 
cin into two small carbohydrate-poor peptides and into a 
larger carbohydrate-rich fragment. EACA was able to 
inhibit plasmin-mediated degradation of glycocalicin in a 
concentration-dependent fashion. These studies indicated 
that plasmin degradation of Gplb was due to a direct 
interaction between plasmin and Gplb and that this effect 
was mediated by the lysine-binding region of the plasmin 
molecule. 

© 1986 by Grune & Stratton, inc. 


dependent platelet interactions are abnormal during patho- 
logical states of accelerated fibrinolysis. 

Miles and Plow have recently demonstrated that specific 
binding of plasmin and plasminogen to platelets is mediated 
by lysine-binding sites associated with the kringle structures 
on the heavy-chain region of plasmin(ogen).!° In addition, 
their data indicate that thrombin activation of platelets 
enhances binding and that lysine analogues inhibit it. 
Although little is known about the effects of the fibrinolytic 
system on platelet function, such interactions may play a role 
in promoting the anticoagulant state and/or hemorrhagic 
complications associated with systemic fibrinolysis. The pur- 
pose of our study was to further evaluate the action of 
plasmin on GpIb and to better define the nature of this 
platelet-plasmin interaction. 


MATERIALS AND METHODS 


Materials Sodium '*I was purchased from New England 
Nuclear, Boston; ristocetin from Bio-Data Corp, Horsham, PA; and 
plasmin from KABI, Uppsala, Sweden through Helena Laborato- 
ries, Beaumont, TX. The plasmin was dissolved in 10 mmol/L 
Tris-0 15 mol/L NaCl, pH 7.4, and stored in aliquots at —40 °C. 
The final concentration of the stock solution was determined using 
the chromogenic substrate S-2288 (KABI through Helena Labora- 
tories)’ Aprotinin and eaminocaproic acid (EACA) were pur- 
chased from Sigma Chemical Co, St Louis Streptokinase was 
obtained from Pharmacia Fine Chemicals, Piscataway, NJ. All 
chemicals were reagent grade 

Washed human platelets. Venous blood was drawn into 3 8% 
sodium citrate (wt/vol). Nine-parts blood were added to one-part 
anticoagulant. After mixing, the blood was centrifuged at 200 g for 
ten minutes at room temperature and the upper two thirds of the 
platelet-rich plasma (PRP) collected An equal volume of washing 
buffer (10 mmol/L Tris, 0.15 mol/L NaCl, 20 mmol/L EDTA, pH 
7.4) was added to the PRP and this mixture centrifuged at 3,200 g 
for 15 minutes at room temperature. The platelet pellet was resus- 
pended in 10 mL of washing buffer and washed an additional three 
times. The platelets were finally suspended in the same buffer at a 
concentration of 1 x 10/uL. Platelets were counted in a Coulter 
Counter model F (Coulter Electronics, Hialeah, FL). 

Effect of plasmin on ristocetin-induced, vWF-dependent platelet 
agglutination. Washed platelets, 1 x 10°/uL in washing buffer, 
were incubated with plasma at room temperature At various time 
intervals, 200-uL aliquots of the incubation mixture were removed 
and aprotinin added to stop the reaction. The amount of aprotinin 
added was always in excess of the amount needed to totally inhibit 
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plasmin activity in the S-2288- based assay ’ The platelets were then 
centrifuged at 8,000 g in a Beckman Microfuge B (Beckman 
Instruments, Inc, Palo Alto, CA). The platelet pellets were resus- 
pended in 1.5 mL of fresh platelet-poor plasma (PPP) prepared from 
the original donor Samples of reconstituted PRP (400 uL) were 
placed in aggregometer cuvettes to study platelet agglutination, 
which was initiated by adding 50 uL of a 10 mg/mL solution of 
ristocetin to each PRP sample while it was stirred at 37°C in a 
Payton Dual Channel Aggregometer (Payton Associates, Buffalo, 
NY). 

Effect of EACA on plasmin digestion of platelet GpIb. Washed 
platelets, 1 x 10°/uL, were suspended in washing buffer containing 
varying amounts of EACA. Each sample was incubated for 60 
minutes at room temperature with 4.5 x 107" mol/L plasmin 
Control samples contained no plasmin. At the end of the incubation 
period, excess aprotinin was added to each sample and the platelets 
and supernatants separated as described. The supernatants were 
assayed for glycocalicin-related antigen by enzyme-linked 1mmuno- 
sorbent assay (ELISA) as previously described,’ and the platelets 
were resuspended in PRP and assayed for ristocetin-induced aggluti- 
nation. The ELISA assay utilizes the monoclonal antiglycocalicin 
antibody 6Dl, which was generously provided by Dr Barry Coller, 
State University of New York, Stony Brook. 

Plasmin digestion of purified platelet glycocalicin. Platelet 
glycocalicin was purified as previously described.” Glycocalicin, 
8.2 x 1075 mol/L, in TBS (0.01 mol/L Tris, 0 015 mol/L NaCl, pH 
7.4) was incubated with 7 x 107" mol/L plasmin At various time 
periods aliquots were removed from the incubation mixture, com- 
bined with an equal volume of nonreducing sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer, and 
boiled for three minutes. Control samples contained no plasmin. 
Each sample was subjected to SDS-PAGE on 7.5% gels.!! For each 
experiment two identical gels were produced so that one could be 
stained with Coomassie blue and the other with periodic acid-Schiff 
(PAS) reagent. 

To further study the effect of EACA on plasmin digestion of 
glycocalicin we used '*I-labeled glycocalicin. Glycocalicin was 
iodinated using Iodobeads following the manufacturer's suggested 
technique (Pierce Chemical Co, Rockford IL). Plasmin, in TBS, was 
incubated with '*I-glycocalicin and varying amounts of EACA. The 
incubations were stopped after 60 minutes by boiling 1n SDS-PAGE 
sample buffer. Aliquots of each specimen were subjected to SDS- 
PAGE on 10% gels followed by autoradiography. To assure compar- 
ability, samples applied to the gels contained identical counts per 
minute Autoradiograms of the dried gels, made by exposing them to 
x-ray film (Kodak, Rochester, NY) at —20 °C, were analyzed by an 
integrating scanning densitometer (Beckman model CDS-200) 
Results were expressed as the percentage of the total '**I-glycocali- 
cin remaining after digestion. 


RESULTS 


Plasmin digestion of platelet GpIb and inhibition of 
vWF-dependent platelet agglutination. Figure 1 shows the 
response to ristocetin of washed platelets that had been 
incubated with 4.5 x 107" mol/L plasmin and then added 
back to PPP. Plasmin treatment of these platelets caused a 
progressive decline in the rate of agglutination so that by 90 
minutes agglutination was totally inhibited. 

To determine whether plasmin interacts directly with 
Gplb and whether this interaction is near the vWF-binding 
region we examined its effect on purified glycocalicin. As 
seen in Fig 2, plasmin degraded glycocalicin into three major 
fragments. The two low mol wt peptides (less than 45,000 
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Fig 1. Effect of plasmin on ristocetin-induced, vWF-depen- 
dent platelet agglutination. Washed platelets, 1 x 10*/uL, were 
incubated with 4.5 x 1077 mol/L plasmin. At various time points 
samples were removed, excess aprotinin added, and the platelets 
separated by centrifugation. The sedimented platelets were 
resuspended in PPP obtained from the same donor, after which, 
ristocetin, 1.25 mg/mL, was added to induce agglutination. The 
control sample was not incubated with plasmin. 


mol wt) contained relatively little carbohydrate as deter- 
mined by PAS staining following SDS-PAGE. The third, the 
highest mol wt fragment, was heavily glycosylated and could 
only be visualized on the PAS-stained gels. 

Recently it has been demonstrated that plasminogen can 
bind to thrombin-stimulated platelets and be activated by 
tissue plasminogen activator.'*!? To confirm that release of 
glycocalicin-related antigen in our experiments was due only 
to the addition of exogenous plasmin, we measured platelet 
agglutination after treating washed platelets with streptoki- 
nase for one hour. Neither 10,000 IU/mL nor 50,000 
IU/mL streptokinase affected vWF-dependent, ristocetin- 
induced platelet agglutination (data not shown). We there- 
fore concluded that plasminogen binding to platelets did not 
occur during the blood-drawing or platelet-washing proce- 
dures used in our experiments. 

Effect of EACA on plasmin digestion of GpIb and glyco- 
calicin. We next studied the effect of EACA on plasmin 
inhibition of ristocetin-induced platelet agglutination. As 
can be seen in Fig 3, the addition of EACA in concentrations 
greater than 1074 mol/L preserved ristocetin-induced agglu- 
tination of plasmin-treated platelets. To directly examine the 
inhibitory effect of EACA on plasmin digestion of GpIb we 
measured the release of glycocalicin-related antigen from 
plasmin-treated platelets. The results of these studies, sum- 
marized in Fig 4, indicated that EACA inhibited plasmin 
degradation of GpIb in a dose-dependent manner, with 50% 
inhibition occurring at an approximate concentration of 5 x 
107* mol/L EACA. 

We also examined the effect of EACA on plasmin diges- 
tion of purified, I-labeled glycocalicin. P?I-glycocalicin 
was incubated with 7 x 1077 mol/L plasmin and various 
concentrations of EACA. After incubation for 60 minutes, 
aliquots of the reaction mixtures were subjected to SDS- 
PAGE and autoradiography. The autoradiograms were ana- 
lyzed by scanning densitometry and results expressed as the 
percentage of the total '*I-glycocalicin added to the incuba- 
tion mixture still present after plasmin treatment. As can be 
seen in Table 1, EACA inhibited plasmin digestion of 
U5[- glycocalicin in a dose-dependent fashion. 
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DISCUSSION 


In this study we report that plasmin proteolysis of platelet 
GpIb occurs in the vicinity of its vWF-binding site. In 
addition, we observed that this effect could be inhibited in a 
dose-dependent fashion by the lysine analogue EACA, thus 
indicating that the lysine-binding regions of plasmin facili- 
tate its degradation of GpIb. Digestion of GpIb is accompa- 
nied by release of glycocalicin-related antigen from the 
platelet surface and by diminished vWF-dependent platelet 
agglutination. 

The lysine-binding regions present on the kringle rings of 
plasmin coordinate its binding to fibrin and fibrinogen and 
therefore mediate its fibrinolytic action.'^'? Lysine analogues 
such as EACA and tranexamic acid bind to these regions and 
inhibit fibrinolysis by preventing contact between plasmin 
and fibrin(ogen)." Miles and Plow have demonstrated that 
plasminogen and plasmin binding to platelets is also depen- 
dent upon these lysine-binding regions and can be inhibited 
by lysine analogues.'?'5 Our studies indicate that GpIb is a 
plasmin interaction site on the platelet membrane and that 
plasmin-GpIb interactions are analogous to fibrin(ogen)- 
plasmin interactions. 

Because fibrin and fibrinogen can be present on the 
platelet surface and are known to bind plasmin and plasmin- 
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Fig 3. Effect of EACA on plasmin-mediated reduction of 
ristocetin-induced platelet agglutination. Platelets, 1 x 10°/uL, 
were incubated with 4.5 x 1077 mol/L plasmin and varying 
amounts of EACA for 60 minutes. At the end of the incubation 
aprotinin was added to the platelet suspension and the platelets 
separated by centrifugation. The platelet pellets were resus- 
pended in PPP and ristocetin, 1.25 mg/mL, was added to induce 
agglutination. The corresponding control platelets were incubated 
with EACA but not with plasmin. 
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Fig 2. Effect of plasmin on glycocalicin. 
Purified glycocalicin was incubated with plas- 
min for various time periods, after which the 
reaction was stopped by boiling in SDS-PAGE 
: buffer (see Materials and Methods) Each 
| sample was then subjected to SDS-PAGE on 
| 7.5% gels. Parallel gels were run so that each 
i sample could be stained with Coomassie blue 
and PAS reagent. The lane marked “plasmin” 
contains plasmin only and is present to indi- 
cate its location in the Coomassie blue— 
stained gel. 


ogen, we conducted our experiments under conditions that 
would minimize platelet-bound fibrinogen.*? We utilized 
resting platelets suspended in a fibrinogen-free buffer that 
contained an adequate amount of EDTA to prevent attach- 
ment of secreted fibrinogen. Thus, plasmin degradation of 
GpIb appears to result from a direct interaction between 
these two proteins on the platelet surface. These observations 
are consistent with those of Miles and Plow, who have 
demonstrated that plasminogen binding to resting platelets is 
not facilitated by fibrinogen.” 

Platelets contain a calcium-dependent protease that can 
degrade GpIb and release glycocalicin.°?! To demonstrate 
that the effect of plasmin on platelet-bound GpIb was direct 
and not a result of plasmin-induced release of calcium 
protease, we examined the effect of plasmin on purified 
glycocalicin. We found that plasmin was able to induce 
proteolysis of glycocalicin rapidly into three major frag- 
ments. One fragment was carbohydrate rich and the others 
carbohydrate poor. We suspect that the smaller of the 
carbohydrate-poor fragments was derived from the larger 
one because the combined mol wt of all three fragments 
exceeds that of glycocalicin. However, because of the aber- 
rant behavior of glycosylated proteins in SDS-PAGE? we 
cannot estimate with certainty the mol wt of the large 
carbohydrate-rich fragment, and it remains possible that all 
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Fig4. Effect of EACA on plasmin-dependent release of glyco- 
calicin-related antigen from washed platelets. Platelets, 1 x 
105/uL. were suspended in buffer containing 4.5 x 1077 mol/L 
plasmin and varying concentrations of EACA. After a 60-minute 
incubation period, excess aprotinin was added to each sample and 
the platelets pelleted by centrifugation. The glycocalicin content 
(GC) of the supernatants was determined by ELISA. Each point 
represents the mean of two determinations. 
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Table 1. Effect of EACA on Plasmin Digestion of ""|-Glycocalicin 





EACA Concentration Residual 





(mol/L) 1251_Glycocalicin (96) 
o 52 
1x 1075 54 
1x 107^ 61 
75x10% 64 
1x 107° 70 
1x 107? 81 
No plasmin, no EACA 100 





three pieces were derived directly from glycocalicin. These 
experiments further demonstrate that plasmin can act specif- 
ically on GpIb and confirm that it is able to degrade the 
Gplb-vWF-binding region. 

Other investigators have reported significant effects of 
plasmin on platelet function and platelet membrane glyco- 
protein content. Winocour et al observed shortened platelet 
survival in rats with a catheter-induced arterial injury and 
demonstrated that treatment of these animals with EACA 
normalized platelet survival and promoted increased throm- 
bus formation.” These observations suggested to the authors 
that plasmin, generated in response to vascular injury, modi- 
fied circulating platelets in a way that prevented them from 
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contributing to thrombus formation and promoted their 
rapid clearance. Data from Greenberg et al support this 
argument. They demonstrated that plasmin treatment of 
rabbit platelets in vitro reduced membrane glycoprotein 
content and resulted in shortened survival upon their reinfu- 
sion into normal animals ?* 

Plasmin can also induce changes in platelet metabolic 
function. Niewiarowski et al? demonstrated that plasmin 
treatment of platelets induced the release of stored adenine 
nucleotides and diminished their aggregation response to 
adenosine diphosphate. Shafer and Adelman observed that 
plasmin treatment of gel-filtered platelets caused inhibition 
of platelet aggregation in response to thrombin, calcium 
ionophore, and collagen in parallel with the inhibition of 
platelet thromboxane production. The authors suggested 
that plasmin treatment of platelets blocked mobilization of 
endogenous arachidonic acid from platelet membrane pools. 

The results of this study and those mentioned above 
indicate that platelet-plasmin interactions may have signifi- 
cant effects on platelet function. Plasmin-induced platelet 
inhibition occurring in association with fibrin(ogen) degra- 
dation may be an important action of endogenous fibrinolysis 
or fibrinolytic therapy. We feel that these observations 
suggest the need for further in vivo study of platelet function 
during systemic fibrinolysis. 
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Rh Blood Group-Specific Antibodies in Immune Hemolytic 
Anemia Induced by Nomifensine 


By A. Salama and C. Mueller-Eckhardt 


Nomifensine (Merital, Alival; Hoechst, Frankfurt, FRG), an 
antidepressant drug, may cause immune hemolytic anemia 
(IHA) of the so-called immune complex type that is believed 
to occur by means of an innocent-bystander mechanism. In 
this report we describe findings that are not consistent 
with this mechanism in a patient with nomifensine-induced 
intravascular IHA associated with renal failure. In vitro 
studies showed a transitory positive direct antiglobulin test 
(DAT) due to IgG, IgM, and C3 fixation. The causative 
antibodies were found to be (1) a drug-independent IgM 
antibody in the serum and eluate that reacted only with 
E-positive RBC, although the patient's RBC were E- 
negative; (2) an IgG antibody in the serum and initial 
eluates that showed a stronger reaction with e-positive 
than with e-negative or Rh,,, RBC, but only in the presence 
of ex vivo antigen (ie, urine containing the drug and all its 
metabolities); and (3) an IgM antibody in the serum and 


EVERAL CASES of nomifensine-dependent immune 
hemolytic anemia (IHA) have been reported in the last 
5 years." It is generally maintained that the RBC in these 
patients are damaged by the so-called immune-complex 
mechanism. In this type of reaction, drugs are believed to 
serve as haptens by conjugating with some soluble noncellu- 
lar macromolecule, giving rise to subsequent formation of 
high-affinity antibodies against the drug. The antibodies 
could first react with the drug, and then the antibody-drug 
complexes could be adsorbed nonspecifically by the RBC, 
which act merely as “innocent bystanders.” This hypothesis 
is based on the assumption that immunization does not 
require conjugation of the drug with RBC and that the 
antibodies produced do not have specificity for red cell 
antigens.’ 

We have recently reported that nomifensine-dependent 
antibodies probably bind to target RBC via their Fab and not 
by their Fc portion by showing that, first, epitopes on the Fe 
portion of RBC-bound antibodies are still accessible to 
Fe-specific anti-IgG/IgM and, second, that nomifensine- 
dependent antibodies remain firmly attached to RBC if trace 
amounts of drug are added to the wash solution. Such 
findings are not consistent with the aforementioned mecha- 
nism of nonspecific adsorption of drug-antibody complexes 
on target RBC. 

We now report a patient with nomifensine-dependent IHA 
who, in the course of the disease, developed various drug- 
induced antibodies with Rh specificity: a transient IgM 
pseudo-anti-E (mimicking an alloantibody), a metabolite- 
dependent IgG anti-e (detectable in serum and eluates), and 
a metabolite-dependent IgM anti-E that was hemolytic. 
These findings provide direct evidence that the epitopes seen 
by the nomifensine-induced antibodies in this case are not 
formed solely by the drug or its metabolites but at least in 
part by RBC-specific membrane antigens. 


CASE REPORT 


K.I., a 58-year-old female, had been treated for psychotic episodes 
with various drugs since 1960. Nomifensine was first given to the 
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initially also on the patient's RBC that, in the presence of 
ex vivo antigen as well as in the presence of known 
metabolites of the drug, agglutinated all RBC equally 
strongly, but was hemolytically more active against E- 
positive than E-negative cells. Within a few days of stop- 
ping the drug the hemolysis rapidly resolved without 
administration of prednisone, the DAT became negative 
with anti-IgG and anti-lgM, and the drug-independent anti- 
E disappeared, but both metabolite-dependent antibodies 
remained detectable in the patient's serum. We conclude 
that the production and specificity of the causative anti- 
bodies in this case were controlled by a larger antigenic 
site, presumably consisting of the drug and/or its metabo- 
lites plus RBC antigens, rather than by epitopes of the drug 
or metabolites alone. 
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patient in 1982. On November 5, 1985, nomifensine was readminis- 
tered at a dose of 75 mg/d On November 19, 1985, she noticed 
weakness and jaundice. On the following day the patient was 
admitted to a local hospital for acute lumbar pain, malaise, and dark 
urine At initial presentation the patient showed the typical signs and 
symptoms of acute intravascular hemolysis: she was somnolent and 
extremely pale, and hemoglobinemia and hemoglobinuria were 
present. Her total hemoglobin concentration was 43 g/dL (free 
hemoglobin was not measured), the lactate dehydrogenase content 
was 1,746 (normal,<200 IU/L), the bilirubin level was 6.1 mg/dL 
(of which 4.3 mg was indirect bilirubin), and haptoglobin was 
undetectable Although the patient had never been transfused, the 
direct antiglobulin test (DAT) was found to be strongly positive, and 
an agglutinating anti-E was identified 1n the patient's serum. On the 
assumption of drug-dependent IHA, nomifensine was discontinued 
and the patient was transfused with 4 units of compatible, E- 
negative packed RBC Without further treatment, the hemolysis 
rapidly resolved, but transient renal insufficiency developed, requir- 
ing temporary hemodialysis. On December 4, 1985, the patient was 
transferred in good physical condition to a psychiatric hospital. 


MATERIALS AND METHODS 


Blood samples were collected from the patient on admission before 
any therapy and during hospitalization at times indicated in the 
Tables A complete serological analysis (ABO, Rh antigens, anti- 
body screening) was made by conventional techniques For antibody 
identification the Resolve panel (Ortho Pharmaceutical Corp, Rari- 
tan, NJ) was used. Rh,,, RBC were kindly provided by Professor S 
Seidl (Frankfurt). The DAT was assayed exclusively from EDTA- 
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anticoagulated blood by a tube method using commercial antisera 
(polyspecific antiglobulin serum [Ortho], anti-IgG [Behringwerke 
AG, Marburg, FRG], anti-IgM and anti-IEA [Diamed, Morat, 
Switzerland], and anti-C3d [Dako, Copenhagen]). Antibodies were 
eluted from sensitized RBC by the heat technique (ten minutes at 
56°C) The detection of drug-dependent antibodies, including 
hemolysis assays, was performed as recently described using nomi- 
fensine, its known three main metabolites (MI, M2, M3), and its ex 
vivo antigens (urine collected from a healthy volunteer before (UO, 
control) and five hours (U5) after the ingestion of 200 mg nomifen- 
sine) 

To characterize the immunoglobulin classes of the antibodies, a 
serum sample of the patient obtained on day 15 was chromato- 
graphed on a Sephacryl S 300 column (Pharmacia Fine Chemicals, 
Uppsala, Sweden), at 4°C. The immunoglobulin fractions (IgM, 
IgA, IgG) were concentrated to the original serum volume and 
examined for antibody activity against RBC in the presence and 
absence of the drug and its metabolites. 


RESULTS 


Demonstration of a transitory anti-E in early serum 
samples. The patient's blood group was O Rh-positive 
(CCDee). Her serum contained an agglutinating anti-e in 
initial samples (Table 1), but not in specimens taken after 
day 6. Although this antibody had a relatively low titer, its 
agglutinating activity against e-positive cells did not change 
after washing the cells three times with large volumes of 
saline so that the indirect antiglobulin test (IAT) could not 
be performed. This antibody was drug independent since its 
reactivity was unaffected when the serum was dialyzed in 
large volumes of saline containing 0.2% bovine serum albu- 
min (saline-BSA) or when the antibody was recovered by 
elution after absorption on e-positive RBC in the absence of 
the drug and its metabolites. 

Characterization of RBC-bound antibodies in the 
DAT. The DAT was performed with RBC obtained from 
the patient before any treatment and at various times after 
administration of 4 units of E-negative packed RBC. The 
cells were washed either with saline-BSA or with saline 
containing ex vivo antigens (saline-U5).° As shown in Table 
2, IgG, IgM, and C3d could be demonstrated on the RBC in 
both instances, but the reactions due to IgG and IgM were 
more pronounced when the cells were washed with saline-US5. 
The strength of agglutination decreased with time (Table 2). 
No antibody could be demonstrated on the RBC after day 
10. These findings indicated that the antibodies belonged to 


Table 1. Patient’s Serum, Day 0, Tested in the Absence 
of Nomifensine and Its Metabolites 


Titer of Agglutination With 
Serum Eluates 
Absorbed Obtained 
Whole Serum With RBC From RBC 
Tested Against ee PELA CN 
RBC Undialyzed Dialyzed R;R; TT R;R; m 
R;R; 8 8 — 4 16 — 
R,R, 2 2 — 1* 4 — 
"T m = Z - - = 
Rhaa NT NT NT NT — — 
Key: —, negative; *, weak but stable reaction with undiluted serum, 


NT, not tested. 
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the IgG and IgM classes and were, at least partly, dependent 
on the presence of the drug and/or its metabolites. 

Isolation of antibodies by elution. Antibodies were 
eluted from the patient's RBC after washing with saline- 
BSA or saline-US5, respectively, and were then tested against 
R,R,, rr, and Rh, RBC in the presence or absence of ex vivo 
antigens (Table 3). Using day 0 eluates, drug-independent 
agglutination was observed only with R;R; RBC. Metabo- 
lite-dependent reactions were found in the IAT predomi- 
nantly with rr RBC. With day 6 eluates, only metabolite- 
dependent positivity in the IAT was detectable; it was clearly 
stronger with rr than with R,R, and very weak with Rh, 
RBC. After the patient had been hospitalized for 2 weeks, no 
antibody could be eluted from her red cells. 

Immunoglobulin classes and hemolytic activity of anti- 
bodies in relation to drug dependency and Rh specific- 
ity. Whole serum from day 15 and immunoglobulin frac- 
tions (IgG, IgA, IgM) were tested concomitantly against 
R;R, RR, rr, and when possible, Rh,,, RBC in the 
presence of nomifensine, its metabolites (M1, M2, M3), and 
its ex vivo antigens. The results are summarized in Table 4. 
Two important observations were made. First, antibody 
activity was detectable in the presence of metabolites and/or 
ex vivo antigens (U5), but not in the presence of nomifensine, 
clearly indicating metabolite-specific antibodies. Second, at 
least two (possibly three) different metabolite-dependent 
antibodies were noticed: an IgG antibody exclusively reactive 
with ex vivo antigens exhibiting predominantly anti-e speci- 
ficity and an agglutinating IgM antibody preferentially 
reactive with M2 without obvious Rh specificity. However, 
when the hemolytic activity of serum and immunoglobulin 
fractions was analyzed (Tables 4 and 5), it became evident 
that hemolysis was confined to IgM antibodies and occurred 
mainly with R;R; RBC, possibly due to a third metabolite- 
specific antibody. The IgA fraction did not react with RBC. 


DISCUSSION 


The data clearly show that the hemolytic episode in the 
patient described here was the result of multiple nomifen- 
sine-induced antibodies. Like previous reports of nomifen- 
sine-dependent IHA,'~ the hemolysis was acute, intravascu- 
lar, and remitted promptly after discontinuation of the drug. 
Renal failure, often seen in this syndrome, was transient but 
required temporary hemodialysis. 

From an immunologic point of view the most intriguing 
and as yet undescribed finding was the apparent Rh specific- 
ity of nomifensine-induced free as well as RBC-bound anti- 
bodies. This observation bears particular significance on our 
understanding of the underlying pathogenetic mechanism. 
Initially an anti-E was detectable in the serum and in eluates 
prepared from autologous RBC before transfusion. Its reac- 
tivity was clearly drug independent. The assumption that the 
antibody represented an ordinary alloantibody is very 
unlikely for the following reasons: the patient had until then 
never been transfused, the antibody disappeared quickly 
after withdrawal of the drug, and it could be eluted from 
autologous RBC although the patient had the Rh phenotype 
CCDee. We therefore favor the interpretation that the 
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Table 2. DAT on the Patient's Red Cells 











Reaction With Ant- 
Day Therapy IgG IgA IgM C3d 
0 None 2-3+/4+ —/— 1-2+/2+ 2-3+/2-3+ 
1,2 Bitt (4U), hemodialysis NT NT NT NT 
3 Hemodialysis 24-/3-4T — —/1-2+ 2+/2+ 
6 Hemodialysis 14/240 - -[— 1-24+/1-2+ 
10, 15, 22 None -/- - —/- 14/14 








DAT was performed with cells washed either in saline containing 0.296 BSA or saline containing ex vivo antigen (U5) of nomifensine, respectively 


(-/-1. 


Key: Bit, blood transfusion; —, negative; 4+ > 3-44 > 3+ > 2-3+ > 2+ > 1-2+ > 1+. 


reactivity of this antibody appeared to be directed against an 
E-like antigen on human RBC, a situation resembling the 
pseudo-anti-E specificity described in patients with autoim- 
mune hemolytic anemia.® "° 

The antigenic determinants of the other antibodies, either 
bound to RBC or free in the serum, appeared to consist of 
compound structures related both to metabolites of nomifen- 
sine and RBC membranes. This phenomenon became partic- 
ularly obvious upon separate analysis of serum and immuno- 
globulin fractions in the presence of nomifensine, its main 
metabolites, and its ex vivo antigens (presumably comprising 
additional as yet unidentified metabolites) against RBC with 
different Rh phenotypes. The IgG fraction was strongly 
reactive with rr, less with R;R;, and weak with R,R, or Rh; 
RBC in the presence of ex vivo antigen, but not in the 
presence of nomifensine or its known metabolites. This 
reaction pattern resembles again that seen with warm anti-e 
autoantibodies, which often react more strongly with e- 
positive than with e-negative RBC." Experiments with the 
IgM fraction of the same serum sample yielded a more 
complex picture in that reactions were strong with all RBCin 
the presence of ex vivo antigen and M2, but weaker in the 
presence of M1 and M3, presumably reflecting cross-reactiv- 
ity with M2.° On the other hand, E-positive cells were found 
to be more susceptible to complement-mediated lysis by the 
same antibody under identical conditions. This phenomenon 


remained inexplicable because absorption and elution of 
antibodies could be accomplished with rr as well as R;R; 
RBC irrespective of whether the IgM fraction or whole 
serum was used (data not shown). 

Although the in vitro reaction of these antibodies seemed 
to be dependent solely on the presence of metabolites or the 
drug (augmented or exclusive reactivity in the presence of ex 
vivo antigen), the antibodies remained attached to RBC in 
vivo even ın the absence of the drug or its metabolites. This 
notion that the positive DAT is drug independent is sup- 
ported by the fact that nomifensine is quickly metabolized in 
vivo? and that the antibodies remained recognizable on 
patient’s RBC longer than six days after discontinuation of 
nomifensine and after transfusion of 4 units of packed RBC. 
It is therefore unlikely that residual metabolites were a 
prerequisite for the positive DAT. Indeed, a serum sample 
obtained from the patient ten hours after the last drug 
ingestion and a urine specimen of the following day did not 
seem to contain nomifensine or metabolites as indicated by 
their failure to be utilized as ex vivo antigens with known 
nomifensine-induced antibodies (sera 1 and 7°). How, then, 
can the enhanced positivity of the DAT and of the eluates in 
the presence of ex vivo antigen be explained? It is conceiv- 


Table 4. Patient's Serum and Serum Fractions Tested 
in the Presence of Nomifensine and its Metabolites 





Titer of Antibodies in 








Antibod! 
Table 3. Reactions of Eluates Prepared Bik - RBC Agglutination/IAT* in the Presence of 
From the Patient's Red Cells on Day 15ın Tested N M1 M2 M3 U5 UO 
Titer of Eluted Antibodies Tested by Whole serum rr -/— 8/4 8/8 4/— 32/256 —/- 


Agaglutination/IAT* against RBC with Rh Antigens 

















Patient's 
RBC Rat mt Rhmat 
Day WashedWıth Absent Present Absent Present Absent Present 
O saline-BSA 2/SAt 2/SA —/— -/4 -/- -n 
saline-U5 NT NT NT NT NT NT 
6 saline-BSA —/— -/- -/- -/[- -[- -[- 
saline-U5 2/SA 2/SA —/— —/16 —/— —/2 
10 saline-BSA | —/—-  -/ /- -/ /- -/ 
saline-U5 -/- -[2 -[- -he -/- -/ 
15  saline-BSA /- /- -/ /- -/ /- 


saline-U5 -/- -[-. -/- -/- o-- -[- 





Before elution the cells were washed in the presence (saline-U5) or 
absence of ex vivo antigens (saline-BSA) and tested as indicated. 

*Using polyspecific antiglobulin serum. 

tin the presence or absence of ex vivo antigen (U5) 

iStrong agglutination unchanged after washing. 


RR, -/- 8/8 8/32 4/1 64/128 -/- 
RR, -—/- 8/8 8/32 8/4 64/128 —/— 
IgG fractiont rr -/— -/- -/- -/- -/32 -[- 
RR —/— -/[- -[- -/ j4 -/ 
RR, —/- -/- -[- -|- - -I- 
Rha —-/- -/- -/- -/- - -/- 





IgM fractiont rr —/— 2/2 8/8 -/2 8/8 -/- 
R,R2 -/- 2/2 8/8 —/2 8/8 -/- 
RR, -/- 2/2 8/32¢ -/2 16/32 —/- 
Rhus —/- NT NT NT 8/8 -/- 





Tests were conducted on nomifensine (N); its metabolites M1, M2, 
and M3; its ex vivo antigen (UB); and drug-free urine (UO, control). 

*With polyvalent antiglobulin serum; fresh AB serum (complement) 
was added to each tube before washing. 

tImmunoglobulin fractions were absorbed six times with A, RBC in 
order to remove anti-A, which would have reacted with group A Rhy 
RBC. 

tHemolysis was observed. 
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Table 5. Hemolytic Activity of Metabolite-Dependent Antibodies 


Red Cell Rh Phenotype 
RR; R,R; m rr 


Whole serum* 40+ 45 8 16 
IgM fraction 12 10 — — 
IgG fraction — — — — 


*Day 15 serum and fractions. 
[Percent hemolysis in the presence of ex vivo antigen (U5) and 
complement 


able that these antibodies recognize variable structural sites 
on the RBC surface to which they attach rather loosely in the 
absence, but more strongly in the presence of the drug or its 
metabolites. Another possible explanation for the transiently 
positive DAT is a simultaneous coating of RBC with residual 
metabolites and antibodies. In either possibility antibody 
binding involves defined structures on the RBC surface. This 
1s supported by the fact that a drug-related antibody reacts 
only with one type of blood cell, ie, with platelets and not with 
RBC. !314 
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Considering all these findings, there 1s now suggestive 
evidence that target cells in patients with drug-induced 
immune cytopenias of the so-called immune-complex type do 
not act as innocent bystanders, but rather serve as “carrier” 
surfaces. Although conjugation of drugs and cells in vitro 
does not appear stable, it might still suffice to render this 
complex immunogenic in some patients. Hence, it is not 
surprising that the antibodies in such patients, like those in 
animals immunized with hapten-protein conjugates, will be 
quite heterogeneous with regard to their binding sites on the 
conjugates.'?!$ A similar suggestion related to drug-induced 
immune cytopenias has recently been made by Habibi!’ and 
is further corroborated by a number of reports!*?? that 
indicate the presence of receptors for certain drug-dependent 
antibodies on target blood cells. 
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L-Triiodothyronine Augments Erythropoietic Growth Factor Release From 
Peripheral Blood and Bone Marrow Leukocytes 


By Nicholas Daintak, David Sutter, and Sandra Kreczko 


To investigate cellular mechanisms involved in thyroid 
hormone stimulation of erythropoiesis, we studied the 
response of erythroid burst-forming unit (BFU-E) prolifera- 
tion to L-triiodothyronine (L-T3) in a serum-free culture 
system. When added directly to culture, L-T3 stimulates 
erythroid burst formation by normal human bone marrow 
cells. In contrast, granulocyte-macrophage colony forma- 
tion is unaffected. Enhancement of erythroid burst forma- 
tion by L-T3 required the presence of nylon woo! adherent 
and/or B-4 antigen-positive light-density marrow popula- 
tions. Addition of other erythropoietic factors including 
platelet-derived growth factor and insulinlike growth fac- 
tor Il did not abrogate this apparent cellular requirement. 
Pulse exposure of marrow and peripheral blood mononu- 
clear cells (> 95% lymphocytes) to L-T3 accelerates the 
release of a soluble factor that augments BFU-E prolifera- 


ROLIFERATION of erythroid progenitor cells in tissue 
culture is dependent on the presence of tissue-specific 
growth factors that include erythropoietin and burst-promot- 
ing activity (BPA). In addition, classic and paracrine hor- 
mones whose mitogenic actions extend beyond hematopoietic 
tissue influence the formation of colonies derived from these 
cells. We have previously shown that one group of public 
hormones, the thyroid hormones, augments human erythroid 
colony formation and that a primitive progenitor known as 
the burst-forming unit-erythroid (BFU-E) is particularly 
sensitive to the effects of L-triiodothyronine (L-T3).* Here, 
we investigate cellular mechanisms involved in the expres- 
sion of erythropoietic activity by L-T3 in vitro by asking 
whether L-T3 has a direct effect on BFU-E progenitors or 
whether its action is mediated via accessory hematopoietic 
cells. 

The role of BPA in supporting early erythroid differentia- 
tion and proliferation has been previously determined ^5 This 
factor is spontaneously released into liquid culture medium 
from light-density mononuclear cells obtained from periph- 
eral blood and bone marrow." To test the hypothesis that 
L-T3 augments growth factor production by these cells, we 
have measured the release of protein and erythropoietic 
growth factor(s) into serum-free medium conditioned by 
human circulating and marrow leukocytes that were pulse 
exposed to L-T3. We have found that L-T3 accelerates the 
rate of release of a soluble factor that stimulates erythroid 
burst formation by human marrow cells in serum-free cul- 
ture. Preliminary analysis has revealed that the rate of 
protein appearance in membrane vesicle-free supernatants 
of leukocyte-conditioned medium is augmented by L-T3 and 
that several polypeptides are selectively induced. Soluble 
L-T3-induced growth factors were absorbed from condi- 
tioned medium (CM) with an antibody that recognizes BPA 
molecules. Stimulatory activity expressed by L-T3 added 
directly to culture was found to require the presence of 
nylon-adherent and B-4-positive marrow cells. We suggest 
that thyroid hormones support BFU-E proliferation by 
enhancing the production of BPA-like molecules in accessory 
cells in the bone marrow. 
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tion into serum-free liquid culture medium. Time-course 
studies show that this factor appears in conditioned 
medium (CM) coincidentally with erythroid burst-promot- 
ing activity (BPA). Furthermore, incubation of CM with an 
antibody known to react with and adsorb BPA from solu- 
tion removes the inducible mitogen. Biochemical analysis 
of CM prepared from unexposed and L-T3 pulse-exposed 
cells indicates that the rate of protein appearance is 
accelerated by L-T3 in a fashion that immediately precedés 
growth factor release and that several polypeptides are 
quantitatively increased. We conclude that unlike erythro- 
poietin, which is mitogenic for progenitor cells directly, 
L-T3 enhances BFU-E proliferation indirectly by augment- 
ing the release of soluble BPA-like molecules from acces- 
sory cells in culture. 

e 1986 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Treatment with L-T3. Peripheral blood and bone marrow were 
collected from 30 healthy, paid volunteers with informed consent 
and approval of an institutional review board. Samples were mixed 
with alpha-medium (Gibco 320-2561, GIBCO, Grand Island, NY) 
plus 20 U/mL preservative-free heparin and separated over Ficoll- 
Hypaque (Pharmacia Fine Chemicals, Piscataway, NJ). Light- 
density mononuclear cells were removed, mixed with a carbonyl iron 
suspension (Technicon Instruments Corp, Tarrytown, NY), and 
separated over Ficoll-Hypaque again. Interface cells that were 
composed of >95% lymphocytes were split into equal aliquots and 
suspended to a density of 5 x 10°/mL in serum-free alpha-medium 
with or without L-T3 A stock solution of 3,3',5-triiodothyronine 
(Sigma Chemical Co, St Louis), 10? mol/L, was prepared in 95% 
ethanol and added to alpha-medium to obtain final concentrations of 
107", 10-15, 107°, 108, and 107" mol/L. Cells in each aliquot (L-T3 
exposed and unexposed) were incubated in 25-cm? tissue culture 
flasks (Corning Glass Works, Corning, NY) for 15 to 120 min at 
37 °C in humidified air, pelleted by centrifugation at 280 g for 20 
minutes, and washed three times. Cell viability assessed by trypan 
blue exclusion and by staining with ethidium bromide and acridine 
orange was >99%. In some cases, L-T3 was added directly to the 
bone marrow culture at final concentrations indicated in Table 1 and 
the Figure legends. 
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Table 1. Stimulation of BFU-E Proliferation by the Addition of 
L-T3 Directly to Adherent and Nonadherent Marrow Cell Cultures 











L-T3 No Bursts/ 
Marrow Cell Fraction (107? mol/L) 2 x 10* Calls 
Experiment 1 

Unseparated — 31424 
Nylon adherent — 8+2 
Nylon nonadherent — 153 
Adherent + nonadherent — 2822 
Unseparated + 57+8 
Nylon adherent + 152 
Nylon nonadherent + 14 +3 
Adherent + nonadherent + 46 +7 


Experiment 2 
Unseparated — 24 x2 


B4-negative (nonadherent) — 821 
B4-positive (adherent) — 0+0 
Adherent + nonadherent — 16+3 
Unseparated + 36+3 
B4-negative (nonadherent) + 1242 
B4-positive (adherent) + not tested 
Adherent + nonadherent + 25+3 
Experiment 3 
Unseparated — 1923 
E rosette-negative — 15-22 
Unseparated + 30+5 
E rosette-negative + 27+4 





Ficoll-Hypaque-separated marrow cells were separated by adherence 
to nylon (experiment 1) or ig-coated sheep erythrocytes (experiment 2) 
and cultured in fibrin clots containing 2.0 IU/mL sheep erythropoietin 
They were depleted of sheep erythrocyte-rosetting populations (experi- 
ment 3) by incubation with a cytotoxic monoclonal antibody plus 
complement (see Materials and Methods). Mean + SEM bursts in each of 
four clots are displayed Similar results were obtained in two additional 
cultures of separated marrow cells. 


Preparation of CM Fresh and preincubated, L-T3 pulse- 
exposed and unexposed cells were immediately suspended to a 
density of 5 x 10°/mL in tissue culture flasks in alpha-medium with 
L-glutamine, streptomycin, and penicillin (GIBCO). The cells were 
incubated at 37 °C and 4% CO,, pelleted, and resuspended sequen- 
tially every 15 to 120 minutes for up to 72 hours The CM was 
harvested and tested in culture for mitogenic activity, and protein 
content and composition were determined Radioimmunoassay for 
thyroxine and triiodothyronine of CM prepared from cells exposed to 
107? mol/L L-T3 for 90 minutes demonstrated undetectable levels 
of thyroid hormone. 

In several experiments, the CM was subjected to centrifugation at 
40,000 g for 60 to 120 minutes. The resulting supernatants and 
plasma membrane-derived vesicle-rich pellets" were assayed for 
protein and BPA contents. 

Assay and unitage for erythroid mitogens. Approximately 0.5 
mL of well-spiculated bone marrow was aspirated from the posterior 
iliac crest of 25 healthy, paid donors Informed consent was obtained 
for each donation, and approval of an institutional review board was 
granted prior to initiation of this study. The cells were placed in 
Eagle's minimal essential medium (MEM) (GIBCO) containing 
heparin and separated over Ficoll-Hypaque. Mononuclear cells 
appearing at the interface were separated, washed three times 1n 
alpha-medium, and cultured at densities of 0.5, 1, 2, 3, 4, and 5 x 
10°/mL In some cases, light-density cells were first resuspended at 
5 x 10°/mL, and passed over a 3-mL nylon fiber column.”!° 
Morphologically, light-density, nylon-adherent cells were composed 
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primarily of lymphocytes (mean + SEM, 55% + 9%) and monocytes 
(18% + 3%), while light-density, nylon-nonadherent cells consisted 
chiefly of lymphocytes (63% + 11%) and early and mature myeloid 
elements (14% + 6%). Fewer than 5% of the nucleated cells in either 
fraction were benzidine-positive Fewer than 3% of the nylon- 
adherent lymphocytes and greater than 9596 of the nylon-nonadher- 
ent lymphocytes rosetted with 2-aminoethylisothiouronium bromide 
(AET)-treated sheep erythrocytes. 

In other experiments, 6 x 10° light-density cells were coated with 
mouse anti-B4 antibody (100 ng/mL, 30 minutes, 4 °C) obtained 
from Dr Albert Najman, Faculte de Medecine Saint-Antoine, Paris 
The antigen recognized by this antibody is B cell specific and distinct 
from other known B cell antigens." It is present on both resting and 
mitogen-stimulated B cells and is increased with B cell activation It 
is absent from resting and activated T cells and myeloid cells. Next, 
purified sheep antimouse IgG (1 mg/mL) was coupled to sheep 
erythrocytes by the chromium chloride method" using equal vol- 
umes of washed packed erythrocytes, 0.1% (wt/vol) chromium 
chloride, and antibody (five minutes, 23 °C). Antibody-coated mar- 
row cells were then incubated with a 2% solution of sheep erythro- 
cytes for five minutes at 4 °C, and the mixture was centrifuged over 
Ficoll-Hypaque. Cells at the interface (nonadherent) and in the 
pellet (adherent to erythrocytes from which they were freed by lysis 
in 0.17 mol/L NH,Cl) were separated and added to culture. 
Nonadherent populations consisted of 1% to 2% surface Ig—bearing 
celis, and adherent populations consisted of 90% to 96% surface 
Ig-positive cells by immunofluorescence staining In addition, tests 
with T cell-depleted human bone marrow were performed with a 
cytotoxic murine monoclonal anti-T cell antibody"? prepared by Dr 
A. Bernard (Institut Gustave, Roussy, France). Briefly, 2 x 107 
light-density marrow cells in 1 0 mL alpha-medium were incubated 
with 200 ug/mL antibody plus an equal volume of rabbit comple- 
ment (Calbiochem-Behring Corp, La Jolla, CA) for 30 minutes at 
37 °C. Fewer than 1% of the cells surviving the incubation rosetted 
with AET-treated sheep erythrocytes. 

Serum-free marrow cultures were established in 0.8% methylcel- 
lulose or fibrin clots as described previously. They contained 
Iscove's modified Dulbecco's medium (IMDM) (GIBCO), purified 
human serum albumin," transferrin, ferric chloride, and 0.0, 0.1, 
0 5, 1.0, 2.0, or 4.0 U/mL sheep step III erythroporetin (Connaught 
Laboratories, Toronto), human urinary erythroporetin (70,000 U/ 
mg, a generous gift of Dr Eugene Goldwasser, University of Chica- 
80), or recombinant human erythropoietin (70,000 to 80,000 U/mg, 
Amgen Biologicals, Thousand Oaks, CA). Test plates contained 
10% (vol/vol) L-T3, CM, or NCTC-109 (Microbiological Asso- 
ciates, Bethesda, MD), unless otherwise indicated. Cultures were 
maintained for 12 to 14 days at 37 °C and 4% CO, and scored for 
orange bursts (BFU-E-derived colonies) with a grid under an 
inverted microscope or (in the case of clots) under 100 x magnifica- 
tion. Bursts consisted of 250 (and often as many as 500) cells that 
were benzidine-positive Cloning efficiency varted from 15 to 60 
bursts/ 10? light-density cells plated. 

Mitogenic activity was determined in CM prepared from preincu- 
bated, L-T3-exposed cells by comparing burst formation in cultures 
plated with this CM to that with CM prepared from cells preincu- 
bated with alpha-medium alone One unit of BPA is operationally 
defined as equivalent to 100% or twofold stimulation above burst 
formation in cultures containing 10% (vol/vol) NCTC-109. The 
amount of BPA present in each CM was corrected for the volume of 
CM added to culture (0 2 mL or 0.1 mL for methylcellulose and 
fibrin clot cultures, respectively) and is expressed per a 1-mL 
volume. Rates of BPA release were adjusted for time of incubation 
and are expressed as units per milliliter per hour. 

Interactions of L-T3 with other erythroid mitogens Because 
several circulating factors are known to augment erythroid progeni- 
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tor cell proliferation,'*'® we considered whether one or more serum 


mitogens other than erythropoietin may serve as potential cofactors 
for an L-T3 effect Serum-free cultures of adherent and nonadherent 
marrow cells obtained after panning with the anti-B4 antibody were 
established. L-T3 (107? mol/L) was added in the presence and 
absence of platelet-derived growth factor (PDGF) and/or insulinlike 
growth factor II (IGF-II) at concentrations that will be indicated in 
Fig 4. Electrophoretically pure porcine PDGF was obtained from 
Bethesda Research Laboratories (Gaithersburg, MD) This mate- 
rial has an apparent molecular weight (mol wt) of 38,000 on sodium 
dodecyl sulfate (SDS)-polyacrylamide gels and is biochemically 
similar to human PDGF.” Dr M.P. Czech (University of Massachu- 
setts, Worcester) kindly provided IGF-II purified from serum-free 
medium conditioned by buffalo rat liver cells (BRL-3A).'? Samples 
were dissolved in 0.005 N HCl and stored at —20°C until use. A 
final volume of 100 uL of growth factor or NCTC-109 was added to 
culture 

Assay for granulocyte-macrophage colony-stimulating activity 
(GM-CSA) To determine whether L-T3 induced the release of 
factors that are mitogenic for the granulocyte/ macrophage progeni- 
tor (CFU-GM), we assayed media conditioned by L-T3-exposed 
and unexposed cells plus 1% phytohemagglutinin in human periph- 
eral blood culture. Briefly, the method of Pike and Robinson? was 
modified by the addition of fivefold serum substitute!* or 20% fetal 
calf serum that was adsorbed with activated charcoal to remove 
thyroid hormones prior to culture? Human blood mononuclear cells 
served as a standard source of GM-CSA.” Results were compared to 
cultures containing CM, NCTC-109, or L-T3 (107? mol/L) added 
directly to culture. 

Biochemical characterization of L-T3-induced compo- 
nents CM and medium fractions were analyzed for total protein 
by the Bio-Rad microassay (Bio-Rad Laboratories, Richmond, CA) 
and by the method of Lowry et al," respectively, using bovine serum 
albumin (BSA) as the standard. 

For gel electrophoresis, 10 to 30 mL of supernatants of CM was 
extensively dialyzed, lyophylized, resuspended to 50 uL in distilled 
water, and electrophoresed in one-dimensional 3.5% to 18% SDS/ 
polyacrylamide gels, according to Laemmli.? Membrane vesicle- 
containing pellets were resuspended in Na-phosphate and similarly 
prepared. Gels were stained first with silver and then with Coomas- 
sie brilliant blue (CB) according to Dzandu et al.” Sialoglycopro- 
teins and lipids (yellow Ag-stained bands) and proteins (blue 
CB-stained bands) were visualized by this method 

Immunologic characterization of L-T3-induced mitogens To 
investigate the relatedness of BPA and L-T3-induced mitogens, we 
employed a polyclonal antimembrane antibody preparation that is 
known to cross-react with components of CM supernatants and to 
neutralize BPA in vitro.? Membrane vesicle-free supernatants (200 
uL) were incubated at 25 °C for 45 minutes with 0, 100, or 200 ug of 
normal rabbit IgG or rabbit antthuman lymphocyte plasma mem- 
brane IgG that was purified on diethylaminoethanol cellulose. 
Antigen-antibody complexes and free IgG were removed by incuba- 
tion for 30 minutes at 25°C with an excess amount of a 10% 
staphylococcal protein A solution and centrifugation at 1,200 g for 
60 minutes. Absorbed supernatants were added to culture, and 
results were compared to those obtained with assays of unabsorbed 
supernatants. 

Statistical analysis. Mean x 1 SEM bursts appearing in tripli- 
cate 2.0-mL methylcellulose cultures and quadruplicate 125-uL 
fibrin clots were determined. Data sets were compared by the 
two-sample ranks test of Wilcoxon-White according to Goldstein.” 


RESULTS 


Burst stimulation by L-T3 and CM. As shown in Fig 1, 
relative to burst formation in NCTC-109-containing cul- 
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Fig 1. Stimulation of burst formation by L-T3. Mean + SEM 
bursts are displayed for fibrin clot cultures plated with added L-T3 
(hatched bars) or with CM prepared from L-T3-exposed or unex- 
posed circulating mononuclear cells (stippled bars). Cultures con- 
tained 2.0 IU/mL human erythropoietin, IMDM, iron-saturated 
transferrin, purified human serum albumin, thrombin, and fibrino- 
gen." Burst formation in cultures with 107™ to 1075 mol/L L-T3 
was greater than that in cultures containing NCTC-109 (open bar). 
It was also greater in cultures with CM prepared from L-T3- 
exposed cells than in those with either CM from unexposed cells 
or a similar amount (10? mol/L) of L-T3 alone added directly to 
culture (P < .05 for each). 


tures, bursts were increased in cultures supplemented 
directly with L-T3 (P < .05). The dose-response curve is 
biphasic, with an optimal final L-T3 concentration of 107" 
mol/L. Stimulation was similar over the full range of the 
erythropoietin concentration tested, and no bursts formed in 
the absence of erythropoietin. In contrast, burst enhance- 
ment was greatest in cultures with high marrow cell-seeding 
densities and was absent as the limiting dilution was 
approached (see Fig 2). Stimulation was absent in cultures of 
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Fig 2. L-T3 activity as a function of marrow-seeding concen- 
tration. Mean + SEM bursts per culture are shown for methylcellu- 
lose cultures plated with (O) and without (6) the direct addition of 
10^? mol/L L-T3 to 2.0 IU/mL human erythropoietin. Stimulation 
by L-T3 is greatest at the marrow cell density of 4 x 10°/mL 
(P <.05) and absent at the concentration of 6 x 10*/mL 
(P > .10). 
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nylon-nonadherent bone marrow cells, an effect that was 
reversible by adding back the adherent cells (see Table 1). 
Similar findings were made in cultures of marrow cells 
enriched in and depleted of B lymphocytes using a mono- 
clonal antibody. In contrast, removal of T lymphocytes from 
light-density marrow populations did not alter the stimula- 
tory effects of L-T3 (see Table 1). 

When CM prepared from L-T3-unexposed cells was 
added to culture, burst formation was augmented in a 
characteristic fashion (see Fig 1). However, the addition of 
CM harvested after incubation with cells that were previ- 
ously pulse exposed to L-T3 resulted in a further increment 
in burst number (relative to CM prepared from L-T3— 
unexposed cells, P < .05). A similar result was observed in 
cultures containing CM prepared from marrow cells that 
were pulse exposed to L-T3 (data not shown). The minimum 
time of pulse exposure for an L-T3 effect was 90 minutes, 
and pulse exposures to L-T3 of longer than 90 minutes did 
not result in greater stimulation by CM. Figure 3 shows that 
& biphasic dose-response relationship exists also for the 
release of BPA-like factors from circulating and marrow 
leukocytes into CM. Together, the data indicate that aug- 
mentation of BFU-E proliferation by the direct addition of 
L-T3 to culture requires the presence of accessory marrow 
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Fig 3 Effects of preincubation of leukocytes with L-T3 on 
growth factor production. Mean + SEM bursts are shown for 
methylcellulose cultures containing 1096 (vol/vol) NCTC-109 
(open circle), CM prepared from L-T3-unexposed cells (zero), and 
CM prepared from celis pulse exposed to L-T3 90 minutes at the 
indicated concentrations. Cultures contained 2.0 IU/mL human 
erythropoietin. Circles, CM prepared from circulating cells; trian- 
gles, CM prepared from light-density marrow cells. 
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cells and that L-T3 promotes the release of one or more 
erythropoietic growth factors from circulating and marrow 
mononuclear cells. 

Interactions of L-T3, PDGF, and IGF-II. Since it is 
possible that the inability of L-T3 to augment burst forma- 
tion in cultures of B lymphocyte-depleted marrow cells is 
due to the lack of a necessary cofactor, we examined the 
effects of L-T3 in cultures containing other serum mitogens. 
As shown in Fig 4, we observed that L-T3 activity in B 
cell-containing (unseparated) marrow cultures was additive 
with that of PDGF and IFG-II. However, L-T3 did not 
augment BFU-E proliferation 1n cultures of B cell-depleted 
bone marrow regardless of whether PDGF and/or IGF-II 
were also present. The latter finding suggests that neither 
PDGF nor IGF-II exerts permissive activity for L-T3 action 
on erythroid burst formation. However, the possibility that 
other serum molecules may serve as cofactors has not been 
excluded. 

Kinetics of L-T3-induced growth factor release. To 
quantify L-T3 effects on growth factor production, we 
measured cumulative amounts of BPA and/or BPA-like 
factors released by cells that were sequentially pelleted and 
resuspended every 30 to 60 minutes for four hours and after a 
24-hour incubation in fresh alpha-medium. The amount of 
BPA released into CM from L-T3-exposed cells was approx- 
imately twice that released from unexposed cells (P < .05). 
L-T3 enhancement of cumulative release was maximal at 
four hours (from 12 + 3 to 31 + 3 U/mL for medium 
conditioned by unexposed and exposed cells, respectively) 
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Fig 4. Influence of PDGF and IGF-I! on L-T3 activity. Mean + 
SEM bursts/2 x 10° cells are shown for cultures of unseparated 
(A), B4-negative (B), and B4-positive (C) marrow populations 
obtained after indirect panning (see Materials and Methods). 
Cultures contained 2.0 IU/mL human erythropoietin plus 10% 
(vol/vol) NCTC-109, L-T3 (107° mol/L), IGF-II (10 ng/mL), and/or 
PDGF (10 ng/mL). 
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and enhancement declined by 24 hours (from 18 + 3 to 33 + 
2 U/mL, respectively). 

Next, we determined the effects of preincubation with 
L-T3 on rate of growth factor release into CM. As shown in 
Fig 5, L-T3 transiently accelerates the rate of release of 
growth-promoting molecules from circulating leukocytes. 
Peak release (13 + 2 U/mL/h) occurs at three hours of 
incubation, and rates of release are similar to control values 
by 24 hours (7 + 2 v 8 + 2 U/mL/h, respectively). 
Therefore, although the total amount of BPA released from 
L-T3-exposed cells after 24 hours (and also after 48 and 72 
hours, not shown) is enhanced relative to that released from 
unexposed cells, rates of release are virtually equivalent by 
24 hours of incubation. 

L-T3 activity on soluble v membrane vesicular BPA 
release. We have previously shown that BPA is expressed 
by both soluble and pelletable, leukocyte plasma membrane 
vesicle—rich subfractions of CM." Since L-T3 might exert a 
differential effect on the growth-promoting activities asso- 
ciated with each of these physically separable fractions, CM 
prepared from L-T3-exposed and unexposed leukocytes was 
fractionated and assayed in culture. Figure 6 shows that 
approximately half of assayable BPA present in CM is 
soluble and that L-T3-induced augmentation of growth- 
promoting activity 1s fully recovered in the soluble fraction. 
Moreover, the effects of L-T3 preexposure are most pro- 
nounced at suboptimal CM supernatant concentrations (1096 
and 20%, vol/vol, CM resulted in 3.1- and 2.0-fold stimula- 
tions of BPA release relative to unexposed cells, respectively) 
while a high concentration (30%) of CM showed no differ- 
ence in BPA release. The data suggest that L-T3 induces the 
release of cytosolic or soluble membrane-derived molecules 
that appear to have BPA or BPA-like biologic activity in 
culture. 
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Fig 5. Influence of L-T3 on the rate of release of BPA and/or 
BPA-like molecules. Mean * SEM U/mL/h are shown for two 
studies. CM preparation and marrow culture were performed as 
described in the legend to Fig 4. Cultures with NCTC-109 alone 
contained 26 + 3 bursts/2 x 10° cells. Rates of release were 
calculated by adjusting for the time of incubation. L-T3 markedly 
augments the rate of BPA released within the first four hours of 
incubation (P > .10). Open circles, BPA in CM prepared from 
L-T3-exposed cells; closed circles, in CM prepared from unex- 
posed cells. 
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fractions. Whole CM prepared from circulating leukocytes that 
were preincubated with and without 107? mol/L L-T3 for 90 
minutes was separated into supernatants (SUP) and membrane 
vesicle-containing pellets by high-speed centrifugation. Pellets 
were resuspended to the starting volume in NCTC-109. Mean + 
SEM of bursts are shown for methylcellulose cultures containing 
2.0 IU/mL human erythropoietin and 10% (vol/vol) whole CM, CM 
fractions, or NCTC-109. Cultures with 10096 proliferation con- 
tained 115 bursts/2 x 10° marrow cells. Similar results were 
obtained in tests of subfractions of bone marrow cell CM. 


Characterization of L-T3-induced cellular factors. To 
characterize effects of L-T3 on the composition of cellular 
components released during incubation, we measured the 
total protein contents of CM prepared from exposed and 
unexposed cells. Both cumulative protein release and rate of 
protein release were augmented by pulse exposure to L-T3 
(Fig 7). Acceleration of the rate of protein release from 23 to 
58 ug/mL/h occurred within two hours of incubation and 
rapidly decreased over time. Cumulative protein release by 
24 hours was nearly twofold higher in CM prepared from 
L-T3-exposed cells (93 v 57 ug/mL). Cell viabilities after 
24, 48, and 72 hours of incubation in serum-free media were 
99%, 96%, and 87%, respectively. Longer incubations in 
serum-free medium resulted in excessive cell death (1596). 
When analyzed on SDS/polyacrylamide gels, CM superna- 
tant from L-T3-exposed cells contained increased amounts 
of glycoproteins and proteins with a mol wt approximate of 
30 and 70 kilodaltons, respectively, relative to those present ` 
in supernatant prepared for unexposed cells. In contrast, no 
obvious differences were observed in the respective CM 
pellets (data not shown). 

Next, we asked whether erythroid BPA might be related 
immunologically to the erythroid growth factor(s) induced 
by L-T3. Antimembrane IgG known to react with and 
neutralize soluble BPA was used to adsorb growth factors 
from supernatants of CM prepared from L-T3 pulse-exposed 
cells. Figure 8 shows that erythroid mitogens were removed 
from CM supernatant by incubation with IgG, followed by 
the addition of an excess amount of staphylococcal protein A 
and removal of the solid phase by centrifugation. In contrast, 
incubation with staphylococcal protein A alone or normal 
rabbit IgG plus staphylococcal protein A had no effect on the 
capacity of CM supernatant to support burst formation (Fig 
8). The data raise the possibility that L-T3-induced factors 
and BPA that is spontaneously released from mononuclear 
cells may share antigenic determinants. 
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Fig 7. Effects of L-T3 on protein release. 
(A) Cumulative protein release into CM from 
circulating leukocytes that were preincubated 
with (O) and without (6) 107? mol/L L-T3 for 90 
minutes Cells were washed and sequentially 
resuspended and pelleted every 15 to 60 min- 
utes for four hours and after 24 hours. (B) 
Rates of protein release from L-T3-exposed 
(O) and unexposed (6) circulating leukocytes. 
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Influence of L-T3 on CFU-GM proliferation. GM-CSA 
is known to be present in media conditioned by a variety of 
cell types including circulating light-density cells?" To 
investigate whether L-T3 augments the production of GM- 
CSA-like growth factors in a fashion analogous to induction 
of BPA-like molecule release, we assayed CM prepared from 
L-T3-exposed and unexposed cells for GM-CSA. Table 2 
shows that while GM-CSA is present in our CM preparation, 
preexposure to L-T3 has no apparent enhancing effect on the 
expression of this activity in medium conditioned by such 
cells. Furthermore, addition of L-T3 to serum-free culture 
likewise does not augment CFU-GM proliferation (Table 
2). 


DISCUSSION 


It is well known that clinical hypothyroidism is often 
complicated by reductions in red cell mass and total blood 
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Fig8. Removal of erythroid growth factors from CM superna- 


tants. CM incubated for 24 hours with circulating leukocytes that 
were pulse exposed to L-T3 for 90 minutes or incubated without 
L-T3 (zero) were freed of membrane vesicles by high-speed 
centrifugation. Ten percent (vol/vol) of unabsorbed supernatants 
(open bars) and supernatants that were incubated sequentially 
with 100 ug (hatched bars) or 200 ug (stippled bars) of antimem- 
brane IgG and then staphylococcal protein A were added to 
methylcellulose cultures. Control plates with 1096 (vol/vol) NCTC- 
109, staphylococcal protein A alone, or normal rabbit IgG (200 ug) 
plus staphylococcal protein A (solid bars) were similarly tested. 
Mean + SEM of bursts are shown for cultures containing 2.0 
IU/ mL human erythropoietin. 





The CM was prepared and sequentially har- 
vested as described before. 
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volume” and by normochromic, normocytic anemia?! 
The observation that anemia may be corrected by thyroxine 
alone” strongly suggests that it may be a consequence of 
hypothyroidism per se. To explain such in vivo findings, 
investigations have been undertaken that underscore the 
importance of thyroid hormones in the maintenance of 
adequate erythropoietin production? and in the direct 
stimulation of erythroid progenitor cells.*955 In this commu- 
nication, we characterize a hematopoietic target cell popula- 
tion of thyroid hormones by utilizing a biochemically defined 
human bone marrow culture system while avoiding contami- 
nation with unknown quantities of polypeptide hormones, 
BPA, and extraneous growth factors ? Since bovine and fetal 
calf sera contain biologically active L-T3 in concentrations of 
up to several hundred nanograms per milliliter or 10-* 
mol/L, assays for L-T3-dependent growth effects are simpli- 
fied under serum-free conditions. 

Several observations suggest that L-T3 augments erythro- 
poiesis in vitro by stimulating local release of paracrine 


Table 2. Effects of L-T3 on CFU-GM Proliferation 





Addition to Culture Underlayer No Colonies/10° Celis 





Experiment A 


NCTC-109 154 + 14 
CM 259 + 28 
CM + L-T3 (107? mol/L) 265 + 23 
L-T3 (107? mol/L)—direct addition 145 + 20 
Experiment B 

NCTC-109 127+18 
CM 180 + 23 
CM + L-T3 (107? mol/L) 169 x 18 
CM + L-T3 (107? mol/L) 185 + 13 
CM + L-T3 (107? mol/L) 178 + 20 
CM + L-T3 (107 mol/L) 189 « 25 
CM + L-T3 (107? mol/L) 195 + 19 
L-T3 (107? mol/L)— direct addition 115 + 15 
L-T3 (107? mol/L) — direct addition 123 « 11 
L-T3 (107° mol/L) — direct addition 139 +9 

L-T3 (1077 mol/L) —drrect addition 125 x 12 
L-T3 (107? mol/L) — direct addition 140 + 16 





Mean + SEM of colonies (containing =50 cells/clone) plus clusters 
(containing 3 to 49 cells/clone) are displayed for triplicate determina- 
tions 
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hormones that, in turn, enhance BFU-E proliferation. First, 
bone marrow light-density mononuclear cells that are 
depleted of B lymphocytes by indirect panning with a 
monoclonal antibody that recognizes most normal B cells in 
peripheral blood and lymphoid organs"! or by adherence to 
nylon wool??? no longer respond to the mitogenic activity of 
L-T3 (see Table I). Sensitivity to L-T3 is restored by adding 
back the depleted cells. On the other hand, T cell lysis has no 
apparent effect on the ability of L-T3 to augment marrow 
burst formation. This might be expected since several investi- 
gators have shown that unlike their effects on circulating 
BFU-E proliferation, T lymphocytes appear to have a limited 
role in modulating the growth of normal human bone mar- 
row BFU-E progenitors." It has been suggested recently 
that B lymphocytes may be an important source of BPA or 
BPA-like factors that modulate early bone marrow erythroid 
differentiation processes.*^ 65 Second, preincubation of BPA- 
producing peripheral blood and bone marrow cells with L-T3 
results in biphasic dose-dependent augmentation of growth 
factor release that is similar to enhancement observed when 
L-T3 is added directly to culture (compare dose-response 
relationships in Fig 1 and 3). It is well known that hormones 
may show biphasic dose responses wherein growth-promot- 
ing effects are absent in vitro at a high-hormone concentra- 
tion. And third, L-T3 effects were found to be most 
pronounced at high marrow-seeding densities (Fig 2), sug- 
gesting that cellular interactions are important not only for 
burst formation to take place in vitro but also for the 
expression of erythropoietic activity by L-T3. Together, the 
data suggest that L-T3 augments the release of a factor(s) 
from B lymphocytes or monocytes that stimulates the prolif- 
eration of bone marrow BFU-E progenitors. Such a mitogen 
may act directly on the BFU-E, analogous to the action of T 
cell- and monocyte-derived BPA on peripheral blood ery- 
throid progenitor cells." 

To determine the relatedness of L-T3-inducible prolifera- 
tion factor(s) and BPA, we made kinetic measurements of 
the appearance of each during incubation. Both were detect- 
able in CM within four hours from the onset of incubation 
with the hormone, a finding that is consistent with the release 
of other mammalian cell growth regulators and lymphokines 
following short incubation periods.'^?! The rapidity of this 
effect may be explained by activity at a posttranscriptional 
level of protein synthesis. The rate of L-T3-induced factor 
release peaked earlier (three hours v 24 hours) and declined 
to a level below that of assayable BPA release by 24 hours, 
suggesting that L-T3 transiently augments early synthesis 
and/or exocytosis of lymphocyte mitogens. Peak rates of 
L-T3-induced protein release immediately preceded peak 
BPA release (compare data in Fig 5 and 7B). Successful 
absorption of L-T3-induced mitogens from CM superna- 
tants with antiserum known to bind BPA? (Fig 8) is consis- 
tent with the hypothesis that inducible burst proliferation 
factors are antigenically similar to BPA. 

A variety of human B lymphocyte plasma membrane 
components are known to be shed spontaneously into liquid 
culture medium.? We have previously shown that BPA is 
associated with plasma membrane-derived vesicles present 
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in mitogen-free, liquid culture medium that has been incu- 
bated with lymphocytes.” Studies with antimembrane anti- 
serum suggest that vesicle-associated BPA and BPA 
expressed by vesicle-free CM supernatant may share anti- 
genic determinants.” To assess whether L-T3 augments the 
release of vesicle-associated mitogens, activity was assayed 
in component supernatant and pellet fractions of media 
conditioned by cells preincubated with L-T3. The results 
indicate that L-T3 preferentially enhances the release or 
expression of soluble BPA-like molecules. Furthermore, L- 
T3 effects can be overwhelmed by adding a saturating 
concentration of CM to the culture. This suggests that 
L-T3-induced molecules compete with and/or are function- 
ally similar to BPA. Additional studies employing purified 
BPA and monoclonal antibodies directed against BPA? will 
be useful in examining this possibility and in probing the 
relationship of BPA expressed on membrane vesicles to that 
present in vesicle-free CM supernatants 

Our results are distinct from those obtained with a trans- 
formed line of human erythroleukemia (K562) cells that 
form small colonies of embryonic hemoglobin-containing 
cells after short-term incubation." Using this assay, Gau- 
werky and Golde found that 1077 mol/L L-T3 induced 
colony formation in the complete absence of erythropoietin 
and other differentiation factors. Differences in results are 
not surprising since normal human bone marrow and trans- 
formed leukemic progenitors are known to respond to dif- 
ferent chemical inducers (ie, Na butyrate, hemin, etc) and to 
have different erythropoietin requirements.” In addition, 
the time course of events suggests that such transformed cells 
are farther along the erythroid differentiation pathway than 
are the progenitors assayed here. Furthermore, studies with 
K562 cells were carried out in the presence of approximately 
1% serum while those reported here were performed with 
biochemically defined additives. However, it 1s known that 
nuclei of hamster spleen erythroid cells bind radiolabeled 
thyroid hormone.” It is possible that as thyroid hormone 
receptors appear, direct effects upon more mature nucleated 
erythroblasts are discerned. This hypothesis is supported by 
observations of Fuhr and Dunn that globin synthesis is 
augmented in mouse fetal liver erythroid cells, an effect that 
is reversible by incubation with erythropoietin.” Their data 
suggest that thyroid hormone acts upon an erythroid cell that 
is later than the target cell of erythropoietin. To determine 
whether thyroid hormone also acts directly with specific 
nuclear receptors on normal human erythroid progenitor 
cells to stimulate their proliferation, additional studies will 
require availability of large numbers of highly purified 
progenitors. 

The results of one line of experimentation indicate that 
L-T3-inducible growth factors are specific for the erythroid 
lineage. L-T3-inducible growth factors have no apparent 
activity on granulocyte-macrophage differentiation and/or 
growth (see Table 2). Whether CFU-megakaryocyte prolif- 
eration is altered by thyroid hormones is unknown. 

In summary, our data suggest that rather than acting 
directly on BFU-E progenitors, L-T3 augments normal 
human bone marrow erythroid burst formation by enhancing 
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the release of paracrine hormones from accessory leukocytes 
Other polypeptide hormones whose target tissues are wide- 
spread may express erythropoietic activity by a similar 
mechanism. Our results emphasize the importance of cellu- 
lar interactions in regulating normal human erythropoiesis in 
vitro and possibly in vivo as well. They also point out the 


DAINIAK ET AL 


complex nature of tissue culture systems that are in wide- 
spread use today. 
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Denaturant-Induced Stimulation of the 8-Migrating Plasminogen Activator 
Inhibitor in Endothelial Cells and Serum 


By Larry A. Erickson, Carla M. Hekman, and David J. Loskutoff 


Cultured bovine aortic endothelial cells and human serum 
contain plasminogen activator inhibitors (PAls) that are 
immunologically related. In the present study, the electro- 
phoretic mobilities, molecular weights (mol wt), and activi- 
ties of these PAls were compared. When fractionated by 
agarose zone electrophoresis, both PAls migrated with 8 
mobility as compared with the mobilities of human plasma/ 
serum proteins. Two-dimensional electrophoretic analysis, 
employing agarose zone electrophoresis in the first dimen- 
sion and sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis in the second dimension, indicated that these 
B-PAls comigrated, both having a mol wt of approximately 
50,000. The activity of the PAI in endothelial cell- 
conditioned medium is enhanced severalfold by treatment 


HE GENERATION of plasmin from plasminogen pro- 
vides an important source of proteolytic activity in 
tissues and biologic fluids.'? Precise regulation of plasmin- 
ogen activator (PA) activity thus may constitute a critical 
feature of many biologic systems.’ For example, in the 
vascular system, the abnormal expression of PA 1s associated 
with the development of both thrombotic and bleeding 
disorders.** The factors that regulate vascular PA activity 
are not entirely understood. Until recently, such control was 
thought to be at the level of the formation and resolution of 
fibrin itself^$ rather than through the action of specific PA 
inhibitors (PAIs)." However, the recent demonstration that 
PAJIs not only exist in plasma*"? but are frequently detected 
in complex with tissue-type PA (tPA)!"? suggests that 
vascular PA activity is also regulated by these inhibitors. The 
observations that a PAI 1s also present in platelets!^!^ and 
can be released from them by physiological stimuli'^ and that 
the level of PAI in plasma may be altered in certain human 
diseases'*'® support this hypothesis. 

Available evidence indicates that there are at least three 
immunologically distinct PAIs, including the endothelial 
cell-type inhibitor," the placental inhibitor, and protease 
nexin.? The PAI synthesized by cultured bovine aortic 
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with either sodium dodecyl sulfate or guanidine. In prelimi- 
nary experiments, we were unable to stimulate the PAI 
activity of undiluted serum by similar treatments. How- 
ever, the PAI activities in both diluted serum and gel- 
filtered or electrophoretically fractionated serum were 
enhanced by treatment with these denaturants. The gel 
filtration studies also revealed that serum: contains multi- 
ple forms of the 8-PAI. These forms may represent poly- 
meric PAI and/or complexes between the PAI and other 
serum components. These findings indicate that the pri- 
mary PAls in bovine endothelial cells and human serum are 
not only immunologically related but are also biochemically 
similar. 

e 1986 by Grune & Stratton, Inc. 


endothelial cells (BAEs) has been purified and partially 
characterized." It inhibits both urokinase and tPA, but not 
plasmin. Antiserum to it has been developed and employed to 
demonstrate that the endothelial cell, plasma, serum, and 
platelet PAIs are immunologically related.” This class of 
PAIs has a number of unusual properties that distinguish it 
from other cellular and blood-derived protease inhibitors. 
For example, it 1s stable under conditions that inactivate 
other inhibitors (eg, incubation at pH 3 or exposure to 
sodium dodecyl sulfate [SDS])."?! Moreover, the activity of 
the PAI from BAEs is stimulated by treatment with dena- 
turants such as guanidine and SDS.” The objective of the 
current study was to compare further the endothelial cell and 
serum PAIs. In this report, we demonstrate that both of these 
inhibitors have 8 mobility as determined by agarose zone 
electrophoresis, and the activity of both can be stimulated by 
denaturants. 


MATERIALS AND METHODS 


Cell culture. BAEs were isolated and maintained in vitro in 
modified minimum essential medium (MEM; Flow Laboratories, 
Inglewood, CA) containing 1096 calf serum (Irvine Scientific, Santa 
Ana, CA or Sterile Systems, Inc, Logan, UT) as described ? The 
cells used for these studies were cloned from a single cell!^?* and had 
been passaged five to 20 times. Conditioned medium (CM) was 
prepared by incubating washed cell monolayers in serum-free MEM 
for 24 hours at 37°C. This CM was collected, centrifuged at 1,000 g 
to remove floating cells and cellular debris, and stored in 0.0196 
Tween 80 (J.T. Baker Chemical Co, Phillipsburg, NJ) at —20 °C 
until used For some experiments, 200 uL of CM were concentrated 
tenfold by centrifugation in a SpeedVac concentrator (Savant, 
Farmingdale, NY). 

Preparation of plasma and serum Human blood was collected 
from healthy volunteers into polypropylene tubes containing 3.8% 
Na citrate, pH 7 4, and centrifuged at 1,000 rpm for 15 minutes at 
23 °C to obtain platelet-rich plasma. The platelet-rich plasma was 
chilled to 4 °C and centrifuged at 3,000 rpm for 30 minutes to obtain 
platelet-poor plasma (hereafter referred to as plasma) Whole blood 
serum was prepared by collecting blood into glass tubes, allowing the 
blood to clot at 37 °C for one hour, and then removing the clot by 
centrifugation at 3,000 rpm for 20 minutes at 4 °C. The resulting 
serum was collected and stored at — 70 °C until used 

SDS and guanidine treatment of samples. BAE CM and human 
whole blood serum, either undiluted or diluted tenfold with phos- 
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phate-buffered saline (0.14 mol/L NaCl, 0.01 mol/L Na phosphate, 
pH 7.2, containing 0.01% Tween 80; PBS/Tw), were incubated with 
SDS (0.1% or 0.25% final concentration as indicated) for 45 minutes 
at 37 *C. Alternatively, the samples were dialyzed against 4 mol/L 
guanidine-HCl (in PBS/Tw adjusted to pH 7.2) for 4.5 hours at 
37 *C. Dialysis was judged complete by the disappearance of the 
phenol red present in the CM. After treatment with SDS or 
guanidine, samples were dialyzed against 4,000 volumes of PBS/Tw 
at 4 ?C for 18 hours. 

Electrophoresis. SDS-polyacrylamide slab gels and buffers 
were prepared as described by Laemmli.” Samples were applied to 
gels consisting of 10-cm resolving gels of 9% acrylamide and 2-cm 
stacking gels of 4% acrylamide and then subjected to electrophoresis 
at room temperature for 16 hours or until the tracking dye reached 
the bottom of the gel. 

Agarose zone electrophoresis was performed in 1% agarose gels 
using 0.025 mol/L Tris-tricine, pH 8.6 (Bio-Rad Laboratories, 
Richmond, CA), as the electrode buffer. Samples were subjected to 
electrophoresis at 12 mA/10-cm gel for three hours using a water- 
cooled horizontal electrophoresis apparatus (Bio-Rad). A sample of 
human plasma (4 uL) was used as a reference marker. Under the 
conditions employed, the albumin present in the plasma migrated in 
an anodal direction approximately 60 mm from the origin. The 
plasma proteins were stained with 0.2% Coomassie brilliant blue 
R250 (Bio-Rad) in 14% acetic acid and 28% isopropanol. In some 
experiments, lanes of the agarose gel were treated with 0.1% 
2-mercaptoethanol (2-ME) and either 0.1% SDS or 4 mol/L guani- 
dine-HCl at 37 °C for 30 minutes and then washed extensively in 
2.59, Triton X-100 (Bio-Rad, Richmond, CA) or PBS prior to 
further analysis. These treatments inactivate cellular PAs (2-ME) or 
stimulate PAI activity (SDS, guanidine). In other experiments, the 
agarose gels were cut into 5-mm slices. The material that eluted 
from each slice upon extraction into 150 uL of PBS for four hours at 
4 9C was then analyzed for PAI activity in the tPA-binding assay 
(see the following material). 

Two-dimensional electrophoresis was performed by using a com- 
bination of the two electrophoretic techniques just outlined. Samples 
were first subjected to zone electrophoresis in an agarose gel. After 
electrophoresis, the agarose gel was soaked in electrophoresis sample 
buffer (0.125 mol/L Tris, pH 6.8, containing 2.2% SDS and 20% 
glycerol) for 30 minutes and placed on top of a 10-cm resolving 9% 
acrylamide slab gel, and then SDS-polyacrylamide gel electrophore- 
sis (PAGE) was performed as just outlined. The agarose and 
polyacrylamide gels were analyzed by reverse fibrin autography 
(RFA), immunoblotting, or autoradiography, as will be described. 

Sephacryl S-200 chromatography of human serum. Four and 
one-half milliliters of human whole blood serum were incubated with 
diisopropylfluorophosphate (DFP, 5 mmol/L final concentration; 
Sigma Chemical Co, St Louis) for three hours at 4 °C. The serum 
was then applied to a Sephacryl S-200 column (1.5 cm x 110 cm) 
that had been equilibrated in 10 mmol/L Tris-HCl, pH 7.6, 0.01% 
Tween 80, and 3 mol/L NaCl, and calibrated with mol wt standards 
(Sigma). The standards included blue dextran (mol wt, 2 x 105), 
bovine serum albumin (mol wt, 67,000), carbonic anhydrase (mol 
wt, 30,000), lysozyme (mol wt, 14,400), and phenol red (mol wt, 
354). The column was eluted at 12 mL /h and 2.0-mL fractions were 
collected. Aliquots of the fractions were treated with either 0.25% 
SDS or 4 mol/L guanidine-HCl as described before, and both 
treated and untreated samples were dialyzed against PBS/Tw at 
4 *C for 18 hours. These samples were then assayed for PAI activity 
in the tPA-binding assay. 

Assays for PAI. PAI was quantified by using a variety of assays. 
For example, RFA was performed on samples subjected to agarose 
or SDS-polyacrylamide slab gel electrophoresis as outlined previous- 
ly.? Immunoblotting of material transferred from agarose gels to 
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nitrocellulose was performed as described." The transferred proteins 
were first incubated with monospecific rabbit antiserum (diluted 
1:500) against the BAE PAL" and the bound rabbit IgG was then 
detected with goat antirabbit IgG (Cooper Biomedical, Inc, Mal- 
vern, PA) that had been '*I labeled. The ‘I-labeled IgG was used 
at a final concentration of 200,000 cpm/mL. Between incubations 
with the antibodies, the nitrocellulose paper was rinsed extensively 
with PBS containing 5% (wt/vol) nonfat dry milk, 0.01% Antifoam 
A (Sigma), and 0.0001% sodium ethylmercurithiosalicylate (thime- 
rosal).* It was then air-dried and subjected to autoradiography on 
Kodak X-omat film (Rochester, NY) for 24 hours at —70 °C. 

PAI activity was also assessed by measuring the ability of 
components in CM and serum samples to form SDS-stable com- 
plexes with tPA. Two approaches were taken. In the first, the 
samples were incubated with I-labeled tPA for ten minutes at 
37 °C. The mixtures were then fractionated by SDS-PAGE, and the 
gels were fixed and stained in 0.01% Coomassie brilliant blue 

250/50% trichloroacetic acid, destained in 10% acetic acid, dried, 
and subjected to autoradiography on Kodak X-omat film for 24 
hours at — 70°C. High mol wt complexes were easily distinguished 
from free tPA by this approach. In the second method, the ability of 
the PAI to bind to tPA immobilized on microtiter wells was assessed 
in the tPA-binding assay, performed essentially as described by 
Schleef et al.” The amount of bound PAI was determined by using 
the antiserum against the BAE PAI. 

Miscellaneous. Plasminogen was prepared by affinity chroma- 
tography on lysine-Sepharose as described." Human «-thrombin 
was a gift from J. Fenton (New York State Department of Health, 
Albany). Fibrinogen (bovine, plasminogen- and thrombin-free) was 
purchased from Calbiochem-Behring (San Diego, CA), a;-antiplas- 
min from American Diagnostica Inc (Greenwich, CT), 2-ME and 
SDS from Bio-Rad, guanidine-HCl from Sigma, and culture sup- 
plies from Falcon Labware (Oxnard, CA). Mol wt standards used 
for SDS-PAGE were obtained from Bio-Rad and included carbonic 
anhydrase (mol wt, 31,000), bovine serum albumin (mo! wt, 
66,200), and ó-galactosidase (mol wt, 116,250). The tPA was 
purified according to previously described procedures." Both the 
tPA and the goat antirabbit IgG were labeled with I (Amersham 
Corp. Arlington Heights, IL) by the lodogen method" modified 
such that the labeling time was 3.5 minutes at 4°C. The specific 
activity of the '?°I-labeled tPA was approximately 7.1 x 10’ cpm/ug 
of protein. Immunodepletion experiments were performed as 
described previously'’” using nonimmune or anti-PAI IgG coupled 
to protein A-coated Sepharose CL-4B beads (Pharmacia Fine 
Chemicals, Uppsala, Sweden). 


RESULTS 


Analysis of BAE CM by zone and two-dimensional elec- 
trophoresis. Samples of BAE CM were subjected to aga- 
rose zone electrophoresis and then analyzed for PAI activity 
by RFA and for PAI antigen by immunoblotting (Fig 1). 
Although no PAI activity was detected in 50 uL of CM 
(panel B, lane 1). immunoblotting demonstrated that this 
same amount of CM did contain PAI antigen (panel B, lane 
3). The antigen exhibited 8 mobility when compared with 
known plasma proteins (panel A). Inhibitor activity could be 
detected in the 8 region of the gel when 200 uL of CM was 
analyzed (panel B, lane 2). These results indicate that under 
the electrophoretic conditions employed, the PAI in BAE 
CM migrates with 8 mobility relative to the migration of 
plasma proteins. 

We have shown previously that 5% or less of the total PAI 
in BAE CM is active, the other 95% existing in a latent, or 
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Fig 1. Zone electrophoresis of BAE CM. The mobility of the 
PAI in BAE CM was compared with the mobilities of proteins in 
human plasma. Human plasma (4 uL, panel A) and BAE CM (panel 
B) were subjected to agarose zone electrophoresis as described in 
Materials and Methods. The plasma proteins were stained with 
2.596 Coomassie brilliant blue R250, and the CM samples were 
analyzed by RFA (lanes 1 and 2) or by immunoblotting (lane 3) 
using antiserum against purified BAE PAI. In panel B, either 50 JL 
of CM (lanes 1 and 3) or 20 uL of tenfold concentrated CM (lane 2) 
were analyzed. 


inactive, form.” The latent form can be converted into the 
active form by treatment with denaturants. The effect of 
SDS on the PAI activity of BAE CM fractionated by agarose 
zone electrophoresis is shown in Fig 2. Again, no PAI activity 
was detected in any region of the gel when 50 uL of untreated 
CM was analyzed (Fig 2, top panel, lane 1). However, when 
the agarose gel containing the fractionated CM was soaked 
in SDS containing 2-ME, washed to remove these reagents, 
and then analyzed by RFA, a prominent PAI zone was 
detected in the 8 region (lane 2). This stimulation of PAI 
activity by SDS was quantified by using the tPA-binding 
assay (Fig 2, bottom panel). In this case, the SDS-treated 
and untreated gels were sliced, and the material in each slice 
was eluted into buffer and then assessed for PAI activity. 
Again, no PAI activity was detected in the untreated frac- 
tions, whereas pronounced PAI activity was detected in 
fractions obtained from the 8 region of the SDS-treated gel. 
B-PAI activity (Fig 3, lane 1) was not detected in SDS- 
treated agarose gels containing CM previously incubated 
with anti-PAI serum bound to protein A-Sepharose beads 
(lane 2); however, it was apparent in SDS-treated agarose 
gels containing CM pretreated with nonimmune serum (lane 
3). Thus, the 8-PAI activity revealed by SDS treatment of 
CM after agarose zone electrophoresis is immunologically 
related to the 50,000—mol wt PAI purified from BAEs. 

The electrophoretic properties of the PAI and o;-antiplas- 
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Fig2. SDS activation of the 3-PAI in BAE CM. Four aliquots of 
BAE CM (50 uL each) were subjected to zone electrophoresis. Two 
of the gel lanes were treated with 0.1% SDS containing 0.1% 2-ME 
as described in Materials and Methods, and the other two gels 
served as untreated controls. One untreated gel (lane 1, top panel) 
and one SDS-treated gel lane 2, top panel) were analyzed by RFA. 
The other two gels were sliced into 5-mm sections. Each section 
was then extracted into buffer, and the resulting extracts (50 uL) 
were analyzed for PAI activity in the tPA-binding assay (bottom 
panel). Untreated, 6; SDS/2-ME-treated, O. The relative mobili- 
ties of plasma proteins are indicated by the arrows at the top and 
were determined as described in the legend for Fig 1. 


min, the primary plasmin inhibitor in blood," were com- 
pared (Fig 4). Purified human o;-antiplasmin was added to 
BAE CM, and the mixture was fractionated by agarose zone 
electrophoresis, by SDS-PAGE, or by two-dimensional gel 
electrophoresis. As expected, no inhibitor activity was appar- 
ent in the 8 region of the agarose gel (panel A), in agreement 
with the results shown in Figs | and 2. However, a very 
prominent inhibitor zone was seen in the o; region, presum- 
ably corresponding to a,-antiplasmin. This relationship 
changed dramatically when the inhibitors in the agarose gel 
were subsequently subjected to electrophoresis into a SDS- 
containing gel (panel B). Considerable inhibitor activity was 
now apparent in the 8 region, whereas the inhibitor activity 
in the o; region was greatly decreased. These changes reflect 
the dilTerent effects of SDS on the biologic activities of the 
two inhibitors. Panel € shows the mixture fractionated by 
SDS-PAGE alone. Inhibitor activity was detected at a mol 
wt of 70,000 (the mol wt of a,-antiplasmin) and at a mol wt 
of 50,000 (the mol wt of the PAI). The proteins responsible 
for these activities comigrated with those shown in panel B. 
Effect of SDS and guanidine on the PAI activity of 
serum. We have shown previously that the primary PAL in 
human serum is immunologically related to the BAE PAI.” 
Experiments were performed to determine whether the activ- 
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Fig3. Immunoadsorption of the 3-PAI in BAE CM. BAE CM (50 uL, lane 1) 
was immunoprecipitated with anti-PAl serum (lane 2) or nonimmune serum 
(lane 3) as described in Materials and Methods. Each of the resulting 
supernatant fluids was subjected to agarose zone electrophoresis. The 
agarose gels were then treated with 0.1% SDS and 0.1% 2-ME as described 
in the legend to Fig 2 and assayed for inhibitor activity by using RFA. The 
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mobilities of plasma proteins are indicated 


ity of the serum PAI, like that of the BAE PAI, could be 
stimulated by SDS and/or guanidine. In these experiments, 
PAI activity was assessed by first adding '**I-labeled tPA to 
the sample and then visualizing the amount of tPA-PAI 
complex formed by using SDS-PAGE and autoradiography 
(Fig 5). “I-labeled tPA alone is shown in lane 1. The 
amount of complex formed using BAE CM as the source of 
PAI increased upon SDS-treatment (lanes 2 and 3), in 
agreement with our previously reported results with BAE 
CM.” However, there was no SDS-mediated increase in the 
amount of complex formed when serum was employed as the 
PAI source (compare lanes 4 and 5). Unexpectedly, when 
these same serum samples were analyzed by RFA, consider- 
able 50,000-mol wt PAI activity was detected (data not 
shown). Thus, undiluted whole blood serum appeared to 
contain PAI activity that could be detected after SDS-PAGE 
and RFA, but could not be revealed by direct treatment with 
SDS. Experiments were performed to test the possibility that 
the large amount of protein present in the serum bound most 
of the added SDS and thus prevented it from interacting with 
the PAI and enhancing its activity. In these experiments, we 
examined the effect of SDS or guanidine on the PAI activity 
in either fractionated or diluted serum 

Serum was subjected to agarose zone electrophoresis, and 
the gels were treated with either 0.1% SDS, 4 mol/l 


(2) SDS-PAGE 


* 


Fig 4. Analysis of BAE CM and a,-antiplas- 
min by two-dimensional electrophoresis. BAE 
CM (15 uL) was combined with a,-antiplasmin 
(25 uL. 500 ng) and then subjected to either 
agarose zone electrophoresis (panel A), aga- 
rose zone electrophoresis followed by SDS- 
PAGE (panel B), or SDS-PAGE alone (panel C). 
Each gel was then analyzed for inhibitors by 
using RFA. The electrophoretic mobilities of 
the inhibitors fractionated by agarose zone 
electrophoresis (panel A) were compared with 
those of proteins in human plasma as described 
in the legend to Fig 1 (arrows, bottom). 








guanidine-HCl (both containing 0.1% 2-ME to inactivate 
PAs), or buffer alone. The gels were then washed with buffer 
(containing 2.5% Triton X-100) and assessed for inhibitor 
activity by RFA (Fig 6). A single zone of inhibition with a 
mobility (presumably a;-macroglobulin and/or «,-antiplas- 


min) was apparent in the untreated gel (lane 1) but was 
absent in both the SDS- and guanidine-treated gels (lanes 2 
and 3). However, both of the treated gels exhibited a zone of 
inhibition in the 8 region (lanes 2 and 3), which was not at all 


evident in the untreated gel (lane 1). The latent PAI in serum 
was also apparent after two-dimensional gel electrophoresis 
(Fig 7). Thus, when serum previously fractionated by aga 


rose gel electrophoresis (top panel) was subsequently sub 
jected to SDS-PAGE (bottom panel), a new PAI was 
revealed. It migrated with 8 mobility and had a mol wt ol 
approximately 50,000. In these experiments, serum ay- 


antiplasmin activity was detected after both zone electropho 
resis (Fig 7, top panel) and two-dimensional electrophoresis 
(Fig 7. bottom panel); however, most of it was inactivated by 
the second-dimension SDS-PAGE, in agreement with the 
results shown in Fig 4. No B-PAI activity was detected in 
normal human plasma although it was present in plasma that 
contained elevated fast-acting PAI activity" " and in plate 
lets (data not shown). In all cases in which the 50,000—mol 
wt 3-PAI was detected after two-dimensional electrophore- 
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Fig 5. Formation of complexes between "*I-labeled tPA and 


the PAls in BAE CM and human serum. "I-labeled tPA (approxi- 
mately 0.3 ng, 26,000 cpm, lane 1) was incubated for ten minutes 
at room temperature with untreated BAE CM (92 uL, lane 2), with 
untreated human serum (10 uL, lane 4), with SDS-treated BAE CM 
(92 uL, lane 3), or with SDS-treated human serum (10 uL, lane 5). 
The samples were then subjected to SDS-PAGE and autoradiogra- 
phy. The positions of the mol wt standards are indicated. The 
mobility of the '**I-labeled tPA remaining free in the serum (lanes 4 
and 5) was distorted by the large amount of albumin present 
(compare with lane 1; see refs 14 and 20). 


sis, it was also recognized by antiserum against the PAI 
purified from BAE CM (data not shown). 

Whole blood serum was also fractionated by Sephacryl 
S-200 chromatography as described in Materials and Meth- 
ods. Aliquots of the fractions were then treated with 0.25% 


o; ay 
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Fig 6. Activation of the serum §-PAI after zone electrophore- 
sis. Triplicate samples of human serum (25 uL) were subjected to 
zone electrophoresis. One lane of the agarose gel was untreated 
(lane 1) and the other lanes were treated with either 0.1% SDS 
(lane 2) or with 4 mol/L guanidine-HC1 (lane 3), both in the 
presence of 0.196 2-ME as described in Materials and Methods. All 
of the gel lanes were then analyzed for inhibitors by RFA. The 
relative mobilities of serum proteins are indicated by the arrows at 
the top and were determined as described in the legend to Fig 1. 
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SDS or 4 mol/L guanidine-HCl, dialyzed into PBS/Tw, and 
assayed for PAI activity in the tPA-binding assay (Fig 8). 
The only tPA-binding activity detected in untreated control 
fractions was in the material that eluted just after the void 
volume of the column (apparent mol wt between 150,000 and 
200,000). Treatment of the fractions with either SDS or 
guanidine-HCIl reduced this activity but induced the appear- 
ance of two additional peaks of PAI activity. The first of 
these migrated with an apparent mol wt of 90,000 and was 
stimulated equally well by both SDS and guanidine-HCl. 
The second peak migrated with an apparent mol wt of 30,000 
and was stimulated to a greater extent by guanidine-HCl 
than by SDS. This latter result is consistent with our previous 
findings that the latent PAI in BAE CM is activated to a 
greater extent by guanidine-HCl than by SDS and that it 
migrates with an apparent mol wt of 30,000 when fraction- 
ated by Sephacryl S-200 chromatography prior to treatment 
with denaturant.” 

To determine whether activation of the serum PAI 
requires the prior removal of other serum proteins or can be 
achieved by merely diluting the sample, BAE CM and 
human serum (either undiluted or diluted tenfold) were 
treated with 0.25% SDS or dH,O as described in Materials 
and Methods. All samples were than dialyzed into PBS/Tw, 
brought to the same final dilution, and assayed for PAI 
activity in the tPA-binding assay. Table | shows that dilution 
of BAE CM prior to treatment with denaturant had no effect 
on the enhancement of PAI activity. Untreated CM exhib- 
ited between 4 and 8 ng/mL of active PAI, whereas both 
undiluted SDS-treated CM and CM treated after dilution 
exhibited approximately 500 ng/mL of PAI activity. In 
contrast, when undiluted serum was SDS-treated, the 
amount of detectable PAI actually decreased when com- 
pared with untreated serum. However, when the serum was 
diluted before SDS treatment, the amount of PAI activity 
detected increased by a factor of three (sample 1) and 27 
(sample 2). 


DISCUSSION 


PAs, in addition to their role in initiating vascular fibrino- 
lysis, have been implicated in a variety of other physiological 
processes including ovulation. cell migration, embryo 
implantation, epithelial differentiation, malignant transfor- 
mation, and activation of latent collagenase.’ PAI activities 
have now been detected in many of the cells and fluids 
associated with these processes," thus emphasizing their 
potential role in regulating PA-mediated events. This PAI 
activity may result from the presence of either the endothe- 
lial cell-type PAI, the placental-type PAI, or from protease 
nexin. Unfortunately, most available assays cannot readily 
distinguish between these PAls. This ambiguity is further 
emphasized by the finding that each of these PAIs appears to 
be widely distributed, and in some cases, one type of cell may 
produce more than one PAI. In fact, the human fibrosar- 
coma cell line, HT-1080, appears to produce all three 
PAlIs."*? It is also clear that cells that do not produce one of 
the PAIs under one set of conditions may be induced to do so 
under another set of conditions." *99^ These considerations 
emphasize not only the ambiguity of PAI activity measure- 
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Fig 7 Analysis of human serum by two- 
dimensional electrophoresis. Human serum (25 uL) 
was subjected to zone electrophoresis (top panel) 
or to two-dimensional electrophoresis (bottom 
panel) as described in Materials and Methods. Both 
gels were then analyzed for inhibitors by RFA. The 
mobilities of the detected inhibitors were com- 
pared to those of proteins in human serum (ar- 
rows) as described in the legend to Fig 1. 


ments but also the shortcomings associated with the use of 


the cell or tissue first identified with a particular PAI as the 
basis for developing a nomenclature for these molecules. 
The results presented here identify two properties that 
may be unique to the endothelial-type PAIs and that may aid 
in the development of a meaningful PAI nomenclature. First, 
we have demonstrated that the PAI in BAE CM (Figs I to 4) 
as well as the immunologically related PAI in human serum 
(Figs 6 and 7) have 8 mobility as determined by agarose zone 
electrophoresis. The primary PAIs in human platelets and 
plasma have similar mobilities (Erickson and Loskutoff, 
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Fig 8. Activation of the PAI in fractions of gel-filtered human 
serum. DFP-treated human serum (4.5 mL) was chromatographed 
on Sephacry! S-200 as described in Materials and Methods. The 
fractions were analyzed in the tPA-binding assay after treatment 
with dH,O (@), 0.25% SDS (C), or 4 mol/L guanidine-HC1 (O). The 
arrows indicate the elution positions of blue dextran (mol wt. 
2 x 10°: Vo). bovine serum albumin (mol wt, 67,000), and carbonic 
anhydrase (mol wt, 30,000). 
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unpublished observation). The placental PAI“ and most 
plasma protease inhibitors? migrate in the « region when 
fractionated by agarose zone electrophoresis. We suggest 
that this distinction may be used to clarify some of the 
ambiguities associated with PAIs. The endothelial cell-type 
PAIs may thus be termed the 3-PAlIs to distinguish them 
from these other inhibitors. Obviously, the PAIs in other 
samples must be analyzed immunologically and by agarose 
zone electrophoresis to establish this difference as a consis- 
tent and useful distinction. These experiments are in prog 
ress. Second, the BAE 8-PAI is not inactivated by treatment 
at pH 3 or by incubation in the presence of SDS,'”* 
treatments that rapidly inactivate protease nexin, the placen- 
tal-derived PAI, and most plasma protease inhibitors. The 
activities of the BAE 8-PAI (Figs. 1-5; ref 22) and, as shown 
in this report, the human serum §-PAI (Figs 6 to 8; Table 1) 
are actually stimulated by treatment with SDS and other 
denaturants, a property that has been used to demonstrate 
that 8-PAIs exist as active and inactive, or latent, forms.” 


Thus, both electrophoretic mobility and biochemical stabilits 


Table 1. SDS Activation of the PAI in BAE CM 
and in Human Serum 





PAI (ng/ml 





Sample Dilution Control SDS 
BAE CM 3.9 500 
10 8.5 519 
Serum sample 1 21.8 18.7 
10 25.2 69.0 
Serum sample 2 9.8 5.4 
10 2.2 59 f 


Aliquots of BAE CM or of human whole blood serum from two different 
donors (samples 1 and 2). were diluted tenfold with PBS/Tw and treated 
with either dH;O (control) or 0.25% SDS as described in Materials and 
Methods. The samples were then analyzed in the tPA-binding assay. The 
results are compared with those obtained with undiluted samples. The 
data are presented as nanograms of PAI per milliliter of undiluted sample 
and were obtained by direct comparison with a standard curve 


constructed using samples of purified BAE PAI 
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may be useful parameters for distinguishing between the 
various PAIs. 

In the case of the 8-PAT in CM from cultured BAEs, the 
latent form may represent greater than 95% of the total 
potential PAT activity. Human endothelial cells and platelets 
(our unpublished observations) as well as HTC rat hepatoma 
cells? also contain active and latent forms of 8-PAI. The 
latency of the BAE 8-PAI seems to be a property of the 
molecule itself and not the result of the presence of another 
molecule in CM that masks our ability to detect PAI 
activity.” Whether the PAI is actually synthesized in a latent 
form or made as an active molecule that is then converted 
into the latent form either by the cells or upon exposure to the 
cell culture environment cannot be established from avail- 
able information. We have shown that the active BAE 6-PAI 
is rapidly inactivated by chloramine T and other oxidants,” 
thus raising the possibility that at least part of the latency of 
this molecule may result from oxidants in the culture 
medium. These considerations also may apply to the B-PAI 
elaborated by other cells or found in platelets, plasma, and 
serum, The 8-PAI in serum was stimulated with SDS only 
after the serum had been diluted or fractionated chromato- 
graphically or electrophoretically (compare Fig 5 with Figs 6 
to 8). Since activation is dose-dependent with respect to SDS 
concentration,” we hypothesize that our inability to stimu- 
late the PAI activity of undiluted serum is a consequence of 
the high protein concentration of serum as compared with 
CM. These serum proteins may bind the SDS and thus lower 
its effective concentration with respect to the PAI. The fact 
that the PAI activity of diluted serum is stimulated by SDS 
(Table 1) is consistent with this conclusion. The exact 
mechanism of activation by SDS and guanidine-HCl is not 
known. However, since these denaturants appear to act 
directly on the latent PAI,” they may induce a conforma- 
tional change in the molecule that exposes a previously 
masked reactive site. Activation of plasma/serum 8-PAI 
activity might thus represent an additional means of regulat- 
ing vascular PA activity. 

The results obtained upon gel filtration of serum (Fig 8) 
revealed three additional characteristics of the serum 8-PAI. 
First, PAI activity was detected in untreated samples only in 
those fractions that corresponded to a mol wt between 
150,000 and 200,000. This is in agreement with the results 
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previously reported by Wiman et al with human plasma.” 
These authors have suggested that this high mol wt compo- 
nent may represent tetrameric PAI or a complex between the 
PAI and another plasma/serum component. It is not clear 
why this activity is apparently destroyed by SDS and guani- 
dine. However, this finding is consistent with the fact that no 
PAL is detected in these fractions by RFA (data not shown). 
Thus, it is possible that this component may represent a form 
of active PAI that is SDS sensitive. Others have previously 
shown that the active PAI in human endothelial cell CM is 
more sensitive to inactivation by a variety of treatments than 
is the latent form.“ Second, both SDS and guanidine-HCl 
treatments revealed PAI activity in fractions that corre- 
sponded to a mol wt of approximately 90,000. This high mol 
wt form may reflect PAI in complex with another serum 
component, a complex that is dissociated by denaturants, or 
may represent aggregates of PAI (Hekman and Loskutoff, 
unpublished observations). Third, both SDS and guanidine 
treatments also revealed PAI activity in fractions corre- 
sponding to a mol wt of approximately 30,000. This finding is 
in agreement with our previous report concerning the analy- 
sis of the PAI in BAE CM by gel filtration.” The difference 
between this mol wt estimation for the 8-PAT and that 
obtained by SDS-PAGE (ie, 50,000) cannot be fully 
explained at present. Because most, if not all, of the PAT in 
serum is derived from platelets," these various mol wt forms 
of the PAI may also exist in platelets. This possibility is 
currently being examined. 

Although it is not at all clear what function the @-PAI 
actually serves in normal and pathophysiological situations, 
the finding of elevated levels of PAI activity in certain 
individuals with thrombotic disease/*'5 suggests a possible 
relationship between such conditions and an overall reduc- 
tion of vascular PA activity. Further examination of this 
issue awaits the purification of sufficient quantities of human 
B-PAI. 
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Shifts in Blast Cell Phenotype and Karyotype at Relapse of Childhood 
Lymphoblastic Leukemia 


By Ching-Hon Put, Susana C. Raimondi, Frederick G. Behm, Judith Ochs, Wayne L. Furman, 
Nancy J. Bunin, Raul C. Ribeiro, Patricia A. Tinsley, and Jossph Mirro 


Analyses of bone marrow biast cells collected at diagnosis 
and relapse from 68 children with acute lymphoblastic 
leukemia (ALL) demonstrated changes in the expression of 
ceil markers in one-fourth of the patients. Loss of the 
common ALL antigen (CALLA) was a frequent change, 
occurring in 8 of the 51 cases initially classified as commor 
or pre-B ALL. The HLA-DR antigen was either acquired o- 
lost in 5 of the 68 cases, terminal deoxynucleotidyl trans- 
ferase was lost in 6 of 25 cases, and reactivity of the T10 
antigen with monoclonal antibodies was Increased in 6 of 
17 cases of non-T cell ALL. Conversion to acute nonlym- 
phoblastic leukemia, so-called lineage switch, was noted in 
two cases of common ALL and one of pre-B ALL, coinciding 


[Tene blast cell biological features at diag- 
nosis of acute lymphoblastic leukemia (ALL) has 
clinical relevance in the context of cell classification schemes 
and particular treatment programs. Numerous studies have 
demonstrated close relationships between the outcome o? 
therapy and blast cell morphology, surface immunopheno- 
type, number of glucocorticoid receptor sites per cell and, 
more recently, chromosomal abnormalities (see ref. 1 fo- 
review). Repeated assessment of selected markers at late- 
intervals in the clinical course might be expected to contrib- 
ute important information for understanding mechanisms o? 
disease recurrence or for planning alternative therapy. Mos: 
previous studies have indicated that blast cell phenotypes 
remain stable over time, with only minor changes occurring 
in a small proportion of patients.^5 With the availability o? 
comprehensive assays for lymphoid and myeloid cell mark- 
ers, however, an increasing number of reports have claimed 
major phenotypic shifts in ALL.5* 

We had the opportunity to study 68 cases of ALL at both 
diagnosis and relapse to document possible changes in lym- 
phoblast phenotype. The results indicate a relatively high 
frequency of phenotypic shift in ALL, mainly disappearance 
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with the loss of CALLA. Results of chromosomal analyses 
in cases with a loss of CALLA implicated several mecha- 
nisms in the observed phenotypic changes. In six cases, 
including each instance of lineage switch, the original 
karyotype had been replaced by an entirely different abnor- 
mal karyotype, suggesting clonal selection or induction of a 
second malignancy. In another case, the evidence sug- 
gested clonai evolution. Our findings demonstrate that 
sequential phenotypic and cytogenetic studies may yield 
valuable insights into the mechanisms of leukemic recur- 
rence and may have implications for treatment selection. 
©1986 by Grune & Stratton, Inc. 


of the common ALL antigen (CALLA). Results of cytoge- 
netic studies suggest that clonal evolution, clonal selection, or 
the emergence of an independent clone is responsible for 
most of these changes. 


MATERIALS AND METHODS 


One hundred twenty-seven children with ALL who were admitted 
to Total Therapy Study X’ at St Jude Children's Research Hospital 
experienced their first hematologic relapse between September 1980 
and October 1985. Sixty-eight patients had adequate bone marrow 
samples for blast cell immunophenotyping at both diagnosis and 
relapse and are the subjects of this report Informed written consent 
was obtained from the patients, their parents, or both. 

Immunologic cell typing. Bone marrow cells were separated on 
a Ficoll-Hypaque gradiert, and only samples containing >85% 
blasts were assayed They were considered positive for heat-stable E 
rosette formation (E) 37 °C if at least 2% of the blast cells formed 
rosettes. Cell-surface antigens were detected by a standard indirect 
immunofluorescence assay with monoclonal antibodies representa- 
tive of the major cluster groups (CD) identified at the First and 
Second International Workshops on Human Leukocyte Differen- 
tiated Antigens. They included J5 (CALLA, or CD-10),'°, HLA- 
DR, T10," and T cell-specific antigens (T)-T101 (CD-5),? T3 
(CD-3),? and T11 (CD-2)^ Two investigators independently 
counted 200 cells in each immunofluorescence assay; the results 
were judged positive if 2-495 of the blast cells had surface fluores- 
cence Cell-surface 1mmuroglobulin (SIg) was identified by direct 
fluorescence with fluoresce:nated goat anti-human immunoglobulin 
Cytoplasmic immunoglobulin (Clg) was identified by a direct 
method that used fluoresceinated F(ab’), goat anti-human p-chains 
(Southern Biotechnology, Birmingham, AL);'5 positive cases were 
those in which 21046 blast cells contained CIg. Depending on their 
pattern of reactivity, the samples were classified phenotypically as 
common ALL (CALLA*, HLA-DR*, E-, T^, CIg', SIg-), T cell 
(T*, E rosette, HLA-DR-), pre-B cell (CIg*, HLA-DR*, CAL- 
LA*), or CALLA- (HLA-DR*, CALLA-, CIg , SIg^, T-). Termi- 
nal deoxynucleotidyl transferase (TdT) was identified by use of 
indirect immunofluorescence '* Cells from selected patients were 
examined for myeloid-associated surface antigens. My-1 (X-Hap- 
ten, CD-15)," MCS.2 (CDw-13),* 5F1 (CDw-14),? Mol (CD- 
11),? and SJ-D1 (gp150) 7 

Cytochemical studies. Bone marrow smears were stained by 
standard techniques including periodic acid-Schiff reagent, Sudan 
black B, myeloperoxidase, naphthol AS-D chloroacetate esterase, 
and a-naphthyl butyrate esterase. The presence of >3% positive 
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blast cells was considered a positive result. Morphologic classifica- 
tion followed French-American-Bnitish (FAB) conventions.” 

Cytogenetic studies Bone marrow samples were prepared by a 
direct technique developed for ALL,” and metaphases were G- 
banded by a modified Trypsin method.” 


RESULTS 


Of the 68 patients who were studied sequentially, 39 had 

common ALL at diagnosis, 16 had pre-B (12 CALLA‘), 8 
had CALLA’, and 5 had T cell ALL. Although the number 
of cell marker studies performed for each sample varied 
according to the number of leukemic blast cells available, 
tests for CALLA and HLA-DR were performed in every 
case. 
Shifts in antigen expression at relapse are shown in Table 
1. A frequent alteration involved the loss of CALLA in five 
cases of common ALL and in three of pre-B ALL. In no 
instance did blast cells acquire CALLA after being negative 
for the antigen at diagnosis. The HLA-DR antigen was lost 
in 1 pre-B and 2 common ALL cases, but was acquired in 1 of 
3 common and 1 of 3 pre-B cases that originally lacked this 
marker. TdT activity was evident at diagnosis in all but 2 of 
the cases tested (both common ALL), decreasing to negligi- 
ble levels in 3 of 10 cases of common ALL and 3 of 10 pre-B 
cases that were examined at relapse. TdT activity remained 
positive in the three CALLA- cases tested. The T10 antigen 
was detected at diagnosis on blast cells in 10 of the 17 non-T 
cases that were tested, appearing at relapse in 6 of the 7 
T10-negative cases. 

Loss of CALLA was associated with conversion to acute 
nonlymphoblastic leukemia (ANLL) ın two cases that ini- 
tially had common ALL and in one patient with CALLA* 
pre-B leukemia. The immunologic and cytochemical studies 
of blast cells from these three cases are summarized in Table 


1307 


2. Besides the loss of CALLA, both tested cases lacked TdT 
activity, and CIg was no longer detectable in the case 
initially classified as pre-B Notably, myeloid-associated 
surface antigens were present at diagnosis on the blast cells 
from patient 1. At diagnosis, the leukemic cells from all three 
patients met stringent morphologic criteria for ALL and 
lacked cytochemical evidence of myeloid or monocytic fea- 
tures. When examined at relapse, the cells reacted with 
myeloid-associated cytochemical stains, and Auer rods were 
present in case 4. 

The results of sequential cytogenic studies in the eight 
cases showing a loss of CALLA are presented 1n Table 3 
Evidence for a different leukemic clone at relapse was 
obtained in six of the cases. The original blast cell karyotype 
of cases that later converted to ANLL was replaced by an 
entirely different karyotype. At the time of lineage switch, 
each case had a pseudodiploid karyotype and a different 
translocation involving the long arm of chromosome 11 at 
band q23 (11023). The other three cases, which had con- 
verted from common to CALLA” ALL, also had different 
pseudodiploid karyotypes at relapse, characterized by a 
translocation involving 11q23 in the two with complete 
banding study. Of the remaining two cases, one (patient 13) 
showed evidence of marked clonal evolution, and the other 
(patient 12) retained the apparent constitutional abnormali- 


ty. 


DISCUSSION 


Seventeen (25%) of the 68 patients in this series had blast 
cell phenotypic shifts at relapse. Loss of the common ALL 
antigen was a frequent change, occurring in 16% of cases 
that were clearly CALLA* at diagnosis. Greaves and col- 
leagues*4 also demonstrated a loss of CALLA in similar 


Table 1. Shifts in Blast Cell Differentiation Markers 








At Diegnosis 
AD WBC Positivity at Diagnosis — Relapse (96) 
Case (yr) (x 10°/L) immunophenotype CALLA HLA-DR TdT T10 Other Markers 
1 8 33 Common 96— 6 — 96—0 2— 63 — 
2 2 278 Common 46—4 — 95 — 25 ND — 
3* 16 288 Common 64 — 10 78 — 18 ND ND — 
4 3 7.4 Common 76—3 — ND ND — 
6 2 115 Common 90— 8 — — ND — 
6 3 43 Common — 22— 72 94 — 17 ND — 
7 3 4.2 Common — 71— 14 ND ND — 
8 4 244 Common — — — 24— 47 — 
9 6 10 1 Common " — — — 30 — 65 — 
10 5 28 Common — — — 1— 69 — 
11 3 84 Pre-B 70 — 24 — 912 — Clg (83 — 3) 
12 2 35 Pre-B 74— 10 87 — 18 — — — 
13 3 13 Pre-B 69—4 — ND ND — 
14 7 137 Pre-B — 6— 650 93— 0 — — 
15 14 345 Pre-B — — 84— 6 — — 
16 7 287 CALLA™ — — — 34 — 70 — 
17 14 88 CALLA™ — — — 26 — 76 — 


WEC, white blood cell count, CALLA, common ALL antigen; TdT, terminal deoxynucleotidyl transferase; Clg, cytoplasmic immunoglobulin, ND, not 
done 

Dash indicates that results were similar at diagnosis and relapse 

*Cytoplasmic immunoglobulin was not tested at diagnosis and was not detectable at relapse. 
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Table 2. Laboratory Findings in Cases of Lineage Switch 


Case 1* 





Casa 4 





Case 11 





Dragnosis LS Dragnosis LS Diagnosis LS 
Immunological markers} 


Common ALL antigen 


HLA-DR 


E rosette formation 


T101 


Cytoplasmic immunoglobulin 


Terminal transferase 


My-1 
MCS-2 
5F1 
Mol 
SJ-D1 


Cytochemical stainst 
Penodic acid-Schiff 
Sudan black B 
Myeloperoxidase 
Chloroacetate esterase 


LS, lineage swrtch, ALL, acute lymphoblastic leukemia; ND, not done, 


a-Naphthyl butyrate esterase 
FAB subtype 


96 6 
86 84. 
0 0 

` 4 19 
0 o 
96 0 
68 22 
44 66 
39 38 
48 26 
54 64. 
4 ND 
ES ND 
— b 
= ND 
= 56 
L1 M5 


*Presence of myeloid-associated surface antigens at diagnosis. 
Results given as percentages of positive cells. 
Auer rods present. 


proportions of cases studied at diagnosis and relapse; how- 
ever, there 1s little information regarding the significance of 
changes in CALLA expression at relapse. 

Of the 8 cases that converted from CALLA * to CALLA-, 
3 showed lineage switch to ANLL, , 2 were refractory to 


Time to 
Case Relapse 
No (mo) 
1 26 
/46,XY, 
t(9;11) 
(p21;q2 
3) 
37 
3 10 
4 69 
5 16 
11 36 
12 9 
13 27 


Immunophenotype 


Common ALL 


76 
35 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 


3 70 24 
52 78 93 
ND 0 0 
ND ND ND 
ND 84 3 
ND 91 2 
ND ND 60 
ND ND 5b 
28 ND 44 
21 ND 68 
ND ND 57 
ND = 20 
+ - 8 
ND — - 
ND — 84 
M2ł L1 M5 


=AB, French-Amencan-British; +, positive, —, negatrve 


retreatment, and 3 responded to therapy; their reinduced 
remissions were short, however (2, 5, and 10 months, respec- 
tively). In contrast, 12 of the 43 patients who retained 
CALLA at relapse remain in second remission for 7+ to 
56+ months (median, 23+ months) Aside from the length 


Table 3. Cytogenetic Findings in Cases With a Loss of CALLA 


At Diagnosis 
Karyotype 
47,XY,4-9 


46,XX, —20,1(2;18)(p 13;p13)/e5, XX, 
—20,— 22,-- mar,t(2,16)(p13;p 13) 

48,XX, — 19, -- der(19),t(1;19) 
(q23;p13 3) 

54,XY,+X,+5,+6,+ 10, 4-11, -- D, 
+21,del(7)(q22) 

53,XY,+X,+6,+9,+ 16,417,421, 
+mar 

46,XY, — 12, +der(12),t(12,?)(p12:7) 

46,XY,t(1;19)(q23;p 13.3),t(9; 14) 
(a13,p11),del(13)(a2 1)/ 
486,XY.inv(8)p11q13)f 

46,XY, — 13, + der( 13),1(13;?)(034;1), 
t(1;191(q23;p13 3) 


At Relepse 
eee 
immunophenotype Karyotype 

ANLL (M5) 46,XY, — 18, + der{18),t(18:2)(p11 3;?), 
t(9, 11)(p2 1,023)/45,XY,t(9;1 1) 
(p21;q23 

CALLA” ALL 46, XX,t(4; 11)(q2 1;q23) 

CALLA™ ALL 46,XX,mar* 

ANLL (M2) 46,XY,t(11;17)(q23,q21) 

CALLA” ALL 46,XY t(11,19)(q23,p 13) 

ANLL (MB) 46,XY 1(11,21)(023;022) 

Pre-B ALL 46,XY,invi9i(p1 1q13)t¢ 

Pre-B ALL 85 chromosomes with t(1;19) 


(q23:p13.3) and dup(14)(013932) 


but variab e numencal abnormalrties 


CALLA, common ALL antigen; ALL, acute lymphobiastic leukemia, ANLL, acute nonlymphoblastic leukemia. 
*Banding preparation was inadequate for complete interpretation. The marker is a metacentnc chromosome of group A. 
TThe inv(9) was interpreted as a constitutional abnormality that occurs commonly in the general population. 
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of a patient's initial hematologic remission,” there are no 
reliable predictors of outcome following a bone marrow 
relapse. Our data suggest that loss of CALLA is a poor 
prognostic sign in such cases. Despite the relatively long 
initial periods of hematologic remission in several of our 
CALLA* — CALLA- patients (Table 3), ultimate out- 
come in this group has been poor. The apparent adverse 
prognostic effect of CALLA loss from leukemic cells should 
be interpreted with some caution, however, as our study 
population was relatively small, had been treated 1n several 
different protocols for relapsed leukemia, and had variable 
durations of initial hematologic remission. 

Acquisition or loss of the HLA-DR antigen, noted in five 
of our patients, has been observed in previous studies.^? Loss 
of blast cell TdT activity was also a common finding. In two 
of the six patients tested, decreased TdT activity at relapse 
was associated with lineage switch. Additional studies are 
needed to determine the significance of thus alteration. Blast 
cells from 10 of 17 patients with non-T ALL showed T10 
positivity at diagnosis; in the other 6 cases, the antigen was 
acquired at relapse, confirming reports that T10 is not 
restricted to cells of T lineage." 

The molecular basis for aberrant regulation of lineage- 
specific differentiation antigens in ALL is unknown; how- 
ever, the karyotypes available for cases showing a loss of 
CALLA (Table 3) suggest several mechanisms of pheno- 
typic shift at the chromosomal level. We think it remarkable 
that in cases 1 through 5 and 11, the original karyotype was 
replaced by an entirely different abnormal karyotype, sug- 
gesting induction of a second malignancy or perhaps selec- 
tion and overgrowth of an independent drug-resistant clone 
that could not be detected at diagnosis. We favor the first 
explanation because of the relatively long intervals to 
relapse, 2 to 5 years, in the three cases that converted to 
ANLL, and the lack of evidence for separate populations of 
myeloid and lymphoid leukemic cells coexisting 1n the same 
patient at diagnosis. At relapse, each of the cases with 
complete banding analyses possessed a chromosomal translo- 
cation involving 11923, a region commonly affected by 
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cytogenetic changes in the myelomonocytic subtype of 
ANLL,” CALLA” ALL,” and leukemia with mixed- 
lineage expression.” It has been suggested that pluripotent 
stem cells are transformed in leukemia with 11q23 involve- 
ment, and that phenotypic expression is influenced by genes 
from the reciprocally translocated chromosome.??! Thus, 
loss of CALLA ın these cases may be related to malignant 
transformation of a pluripotent stem cell after eradication of 
the original B cell-precursor and pre-B stem line by chemo- 
therapy. The c-ets-1 oncogene was mapped to the 11q23 
region and may be involved in the pathogenesis of acute 
leukemias, with a translocation affecting this locus? Indeed, 
Rovigatti and colleagues? recently demonstrated amplifica- 
tion and rearrangement of this oncogene in a case of acute 
myelomonocytic leukemia and a case of small lymphocytic 
cell lymphoma with 11923 involvement. Case 12 cannot be 
interpreted because of failure to demonstrate a malignant 
stem line at relapse. Case 13 represents the only instance in 
which karyotypic findings at diagnosis were retained in the 
reemergent blast cells (clonal evolution). 

Although not observed in the T cell cases in this series, 
lineage switch has occurred in childhood leukemia of thymic 
origin. Stass and co-workers, for example, showed conver- 
sion to ANLL in five cases that were initially classified as T 
cell ALL. Early recognition of lineage switch may be helpful 
in selecting an effective plan of retreatment. Each of the 
three patients who had undergone conversion to myeloid 
leukemia in this study achieved a second remission with 
ANLL directed induction therapy. Finally, monoclonal anti- 
bodies with complement or those conjugated to ricin have 
been used to purge bone marrow before autologous trans- 
plantation 475 For such therapeutic approaches, it is essen- 
tial to have an accurate profile of antigen expression at 
relapse. 
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Autologous Bone Marrow Transplantation in Acute Myelogenous Leukemia: 
In Vitro Treatment With Myeloid Cell-Specific Monoclonal Antibodies 


By Edward D. Ball, Letha E. Mills, Christopher T. Coughlin, J. Robert Beck, and Gibbons G. Cornwell III 


Second or third chemotherapy-induced remissions in acute 
myelogenous leukemia (AML) are limited by early relapse 
of the leukemia. We developed monoclonal antibodies 
(MoAbs) that are cytotoxic to myeloid leukemia cells to 
treat bone marrow from these patients ex vivo for autolo- 
gous transplantation. In this pilot study, bone marrow was 
harvested from ten patients with AML in remission, 
treated with one or two complement-fixing MoAbs, PM-81 
and AML-2-23, which react with myeloid differentiation 
antigens, incubated with rabbit complement, and cryopre- 
served. These MoAbs were chosen because they have 
broad reactivity with AML cells but not with pluripotent 
progenitor cells. At the time of transplant, 6 patients were 
in second complete remission, 1 each was in third complete 
or partial remission, and 2 were in early first relapse. The 


REATMENT OF ACUTE myelogenous leukemia 
(AML) with combination chemotherapy results in a 
complete remission (CR) in 50% to 80% of patients.' Most 
patients relapse and ultimately succumb to their disease, 
however. Therefore, improved strategies for the elimination 
of any blast cells remaining at the time of CR are urgently 
needed. 

Bone marrow transplantation during remission of AML is 
being performed primarily using HLA-identical or syngeneic 
donors.”* Although encouraging results have been reported, 
this approach is generally limited to younger patients who 
have HLA-matched donors. Therefore, new approaches to 
transplantation in AML, such as using monoclonal antibod- 
ies (MoAbs) to purge marrow of leukemic cells,? might allow 
wider use of this technique, possibly with less toxicity. 

We recently described a panel of complement-fixing 
MoAbs that are specifically reactive with myeloid cells" and 
recognize antigens expressed on AML blast cells."-! One of 
these MoAbs, PM-81, binds with high affimty to a family of 
glycolipids and glycoproteins sharing a common terminal 
pentasaccharide, lacto-N-fucopentaose-IIL This MoAb 
binds to blast cells from >90% of patients with AML 
regardless of French-American-British (FAB) subclass.*!! 
Another MoAb, AML-2-23, binds to a glycoprotein antigen 
of 55,000 daltons.? AML-2-23 reacts primarily with blasts 
from patients with myelomonocytic or monocytic leukemia." 
MoAbs PM-81 and AML-2-23 react to some extent with 
granulocyte/monocyte colony-forming cells (CFU-GM) but 
not erythroid (BFU-E) or mixed (CFU-GEM and CFU- 
GEMM) protenitors.’* In a recent study performed by the 
Cancer and Leukemia Group B, PM-81 and AML-2-23 were 
reactive with cells from 91% and 77% of patients with AML; 
the first and third (after anti- HLA-DR) highest percentages 
were obtained using a panel of ten antimyeloid MoAbs.* In 
addition, the majority of clonogenic leukemia cells from 
two-thirds of patients studied expressed one or both of the 
antigens defined by the MoAbs.'* We have begun to use 
MoAbs AML-2-23 and PM-81 to treat bone marrow har- 
vested from patients with AML in remission in preparation 
for subsequent autologous bone marrow transplantation. 
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patients were treated with cyclophosphamide (60 mg/kg a 
day for 2 days) and total body irradiation (200 cGy twice a 
day for 3 days) and given infusions of MoAb-treated bone 
marrow. Full bone marrow reconstitution was observed in 
eight patients; two patients did not recover platelets. 
Seven of the ten patients are surviving and disease-free at 
21.0, 15.0, 13.0, 10.0, 6.0, 3.0, and 2.0 months posttrans- 
plant. Treating bone marrow with MoAbs to myeloid 
differentiation antigens does not interfere with pluripoten- 
tial stem cell engraftment. Longer follow-up and a con- 
trolled study are necessary to prove that the apparent 
efficacy of this therapeutic approach in some patients is 
attributable to MoAb-mediated killing of leukemia cells. 

e 1986 by Grune & Stratton, Inc. 


This report describes our experience with the first ten 
patients and demonstrates the feasibility of this therapy. 


MATERIALS AND METHODS 


Monoclonal antibody purification. MoAbs PM-81 and AML- 
2-23 were purified from ascites as previously described.'5 All MoAb 
preparations were tested for sterility by culture in trypticase soy 
broth and for endotoxin by the Limulus amoebocyte lysate assay !$ 

Surface marker analysis of leukemia cells. Blast cells obtained 
from bone marrow at the time of diagnosis or first relapse were 
separated by Ficoll-Hypaque gradient centrifugation as described? 
and incubated with purified MoAb (100 ul at 20 ug/mL) for 60 
minutes at 4° C in the presence of human IgG (1075 mol/L) to block 
Fc receptor binding After cells were washed with phosphate- 
buffered saline (PBS) (pH 7.4) containing bovine serum albumin 
(BSA) (0.1%) and sodium azide (AZ) (0.5%), a fluorescein- 
isothiocyanate-labeled goat anti-mouse Ig F(ab’), antibody (Boeh- 
ringer-Mannheim, Indianapolis) was added for a further incubation 
of 30 minutes at 4° C. After being washed with PBS/BSA/AZ, the 
cells were fixed with 2% paraformaldehyde and analyzed on the 
Ortho (Westwood, MA) Cytofluorograf system 50H with the 2150 
computer system 

Complement-mediated cytotoxicity. Cytotoxicity of MoAbs for 
leukemia cells was assessed by incubation of cells with MoAbs (as 
above) followed by the addition of neonatal rabbit serum (Pel Freez, 
Rogers, AR) to achieve a final dilution of 1-6 After being incubated 
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for 1 hour at 22? C with continuous mixing, the cells were washed 
and their viability was assessed using acridine orange and ethidium 
bromide. 

Processing and treating of bone marrow cells An average of 
6.3 x 10° (SE 08 x 10*, range 3.5 to 11 5 x 10°) nucleated bone 
marrow cells per kilogram of body weight were removed through 
multiple punctures of the anterior and posterior iliac crests of 
patients under general anesthesia and collected in Medium-199 
(GIBCO, Grand Island, NY) containing preservative-free heparin 
(Sigma Chemical Co, St Louis). Mononuclear cells were separated 
by centrifugation on a Haemonetics (Braintree, MA) Model 30 cell 
processor" with a mean recovery of 1 5 x 10* (SE = 0.47 x 10°, 
range 0.4 to 7:6 x 10°) cells per kilogram of body weight. The cells 
were incubated on a platform shaker with purified MoAbs PM-81 
(50 ng/mL) alone (patients 4 through 6) or with MoAbs PM-81 and 
AML-2-23 (both at 50 ng/mL) (patients 1 through 3 and 7 through 
10) for 15 minutes, followed by the addition of neonatal rabbit serum 
to achieve a final dilution of 1:6.* Deoxyribonuclease Type’I (10 
U/mL) (Sigma) was added to the cell suspension to decrease the 
tendency of cells to aggregate following lysis After 60 minutes at 
room temperature, the cells were sedimented at 500 g, and the 
supernatant was removed This process was repeated, and the cells 
were assessed for viability and adjusted to 8 x 10" cells/mL with 
Medium-199 The mean recovery of cells after MoAb treatment was 
2.6 x 10’) (SE = 0.34 x 10’, range 1.8 to 5.4 x 10”) cells per 
kilogram of body weight. A solution of Medium-199 containing 2096 
dimethylsulfoxide (Rimso-100, Research Industries Corporation, 
Salt Lake City) and 10% irradiated (1,500 rad) autologous plasma 
was added 1n equa] volume to the cell suspension, which was then 
aliquoted into sterile freezing bags (Delmed Inc , Canton, MA) The 
cells were frozen at a rate of 3? C/min to —809 C using a 
controlled-rate freezer (Union Carbide, Indianapolis) and trans- 
ferred to liquid nitrogen for storage 

Effect of MoAb + complement treatment on granulocyte/ 
monocyte progenttor cells. The ability of the patients’ bone mar- 
row cells before and after MoAb therapy to form colonies ın 
methylcellulose cultures in the presence of colony-stimulating factor 
was measured as previously described ? After 14 days, CFU-GM 
were counted on an inverted microscope 

Ablative therapy and autologous bone marrow transplantation 
(ABMT) Cytoreductive therapy consisted of cyclophosphamide 
(60 mg/kg body weight on days —5 and —4), followed by total body 
irradiation (TBI) (1,200 cGy total in twice-daily doses 6 hours apart 
of 200 cGy on days —3, —2, and — 1) delivered with a Cobalt-60 
source by opposed lateral fields without lung shielding. On day 0, 
frozen bone marrow was quickly thawed at 38? C and administered 
through a central venous line All patients received intrathecal 
methotrexate (12 mg) on day —3 

Patient characteristics Patients ranged in age from 16 to 44 
years and included six female and four male patients (Table 1). Five 
patients had their marrow harvested in first CR, four had their 
marrow harvested in second CR, and one had marrow harvested in 
third CR Transplantation was performed after a second CR was 
achieved in three patients (nos. 4, 8, and 10) previously harvested 1n 
first CR and at early relapse (996 myeloblasts 1n the bone marrow in 
patient 6 and a breast chloroma in patient 7) in two other patients 
harvested in first CR. Three patients (nos 1, 2, and 9) harvested in 
second CR were also transplanted in second CR. One patient (no 5) 
whose marrow was harvested in second CR relapsed before trans- 
plant could be performed. After an attempt was made to reinduce 
remission with homoharringtonin, his bone marrow biopsy was 
hypocellular and contained a small focus of blasts at the time of 
ABMT The patient (no 3) whose marrow was harvested in third 
remission was transplanted in third remission Informed consent was 
obtained for all aspects of the bone marrow transplant following 
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Table 1. Nos. of CFU-GM Before and After MoAb Treatment 


CFU-GM/10* Celts Tota CFU-GM* 

Patent Before After Before After 96 Change 
1 42 78 798x 10* 203 x 10* —75 
2 22 26 181x 10^ 068x 10* —58 
3 20 60 104x 10* 108 x 10* o 
4 14 18 106x 10° O56 x 10* —95 
b 22 30 264x10* 162 x 10* —38 
8 30 45 264x10* 108 x 10* —59 
7 32 70 224x10* 140x 10* —37 
8 18 35 02x 10* .77x 10* 0 
9 26 53 1.6 x 10* 098 x 10* —39 

10 37 133 16x10 * 24x 10* +50 
Average 326+ 136 + 
104 x 10* .25 x 10* 


MoAb, monoclonal antibody 

Quadruplicate cultures of bone marrow cells before and after MoAb + 
C’ treatment were performed in methylcellulose cultures using giant cell 
tumor conditioned medium (GCT-CM) as a source of colony-stimulating 
actmty Granulocyte/monocyte colonies of =40 cells were counted by 
microscopy on day 14 of culture in a humidified atmosphere of 5% CO,. 

*Absolute number of CFU-GM per kilogram of body weight was 
derived by multiplication of CFU-GM concentration by numbers of 
mononuclear cells before and after MoAb treatment 


guidelines approved by the Committee for the Protection of Human 
Subjects of the Dartmouth-Hitchcock Medical Center. 

All patients had received cytosine arabinoside (ARA-C) and 
daunorubicin (DNR) as their initial remission induction chemother- 
apy Reinduction therapy for patients 1 through 3 consisted of 
ARA-C (patient 1 received 3 g/m? every 12 hours for 2 days; 
patients 2 and 3 received 100 mg/m’ a day for 7 days) Patients 4, 8, 
and 10 achieved CR with mitoxantrone Patient 5 was treated with 
homoharnngtonin at second relapse >atient 6 was transplanted at 
the first sign of bone marrow relapse after 20 months of remission 
following ARA-C/DNR induction and postremission intensifica- 
tion. Patient 7 was transplanted at th2 time a breast chloroma was 
noted The chloroma disappeared following treatment with electron- 
beam radiotherapy (1,000 cGy), but no systemic therapy was used 
other than the ablative therapy described above. Patient 9 was 
reinduced with ARA-C (100 mg/m?/day x 7 days)/DNR (30 
mg/m?/day x 3 days)/Vincristine (1 mg/m? x 1). 


RESULTS 


Surface marker analysis Cy-ofluorographic analysis of 
the patients’ leukemia cells revealed that 21% to 91% of cells 
were positive for the PM-81 marker (Table 2) Complement- 
mediated cytotoxicity of 52-100% of cells from individual 
patients was achieved with this MoAb. Cells (FAB M4) 
from three patients (nos. 1, 8, and 10) also reacted signifi- 
cantly with MoAb AML-2-23 (Table 2). Cells from two 
patients (nos. 2 and 9) were not available for analysis since 
the patients were first referred to us in second remission. Our 
experience is that blasts from >$3% of patients with FAB 
M4 AME react with both MoAbs PM-81 and AML-2- 
2351 

Engraftment. The first neutrophils appeared by post- 
transplant day 9 in all patients. The mean time to reach a 
neutrophil count of >500 cells /L was 27 days (+5.4, range 
12 to 60 days). Reticulocytes appeared in the blood on 
approximately day 20, and the hemoglobin levels were 
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Table 2. Phenotype of Patients’ Leukemia Cells as Determined by 
Flow Cytometry and Complement-Dependent Cytotoxicity 





PM-81 AML-2-23 
% Positive 

Patient FAB IF c IF c 
1 M2 77 81 32 64 
2 M4 ND ND ND ND 
3 M2 83 90 1 15 
4 M1 91 100 9 18 
5 M2 67 75 3 15 
8 M1 21 52 3 14 
7 M1 40 55 2 16 
8 M4 80 92 70 85 
9 M2 ND ND ND ND 
10 M4 68 85 44 74 


ooo oO o Ř—— Mmmm 

FAB, French-Amencan-British classification; IF, immunoftuorescence, 
ND; not done. 

Blast cells from patents with AML were examined by indrect 
immunofluorescence and flow cytometry for the expression of the PM-8 1 
and AML-2-23-defined antigens Background 'stairiing trom ‘irrelevant 
isotype control monoclonal antibodies (MoAbs) has been substracted 
from the percentage values shown; 10,000 cells were examined in each 
analysis. Cells were incubated with MoAb and rabbit complement (C^) for 
60 minutes, and percentage of cytotoxicity was estimated by dye 
exclusion (acridine orange/ethidium bromide). 


sustained at >10 g/dL without transfusions of RBCs by day 
39 (+5.9, range 32 to 62 days) on average. Recovery of 
platelets was generally slow. Although eight of the ten 
patients no longer required platelet transfusions by day 45 
(platelet count = 20,000/uL), platelet counts of >50,000/ 
uL were not reached until a mean time of 60 + 20 days 
(range 45 to 150 days). A normal platelet count was not 
achieved in patient 1 until at least day 280 posttransplant 
(Fig 1). We observed a similar time course of platelet 
recovery in patients 3 through 8. Two patients (nos. 2 and 7) 
never achieved sustained platelet counts >20,000/uL. Bone 
marrow biopsy in these patients showed decreased mega- 
karyocytes and slight hypocellularity. One ultimately died of 
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Fig1. Blood cell counts in patient 1 following autologous bone 
marrow transplantation (day 0). Granulocyte (8) and total leuko- 
cyte (A) counts are shown on the left vertical axis; platelet counts 
(O) are shown on the right vertical axis. The periods of time during 
which the patient received RBC or platelet transfusions are shown 
in the boxes 
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a massive subarachnoid hemorrhage (no. 2), and one (no. 7) 
died of respiratory failure secondary to infection. 

Toxicity. Patients suffered the expected side effects of 
radiotherapy and cyclophosphamide, including nausea, vom- 
iting and mucositis. All patients required treatment with 
multiple antibiotics, including amphotericin B for proven or 
suspected candidiasis. Patients 2 and 7 had persistent throm- 
bocytopenia which contributed to their deaths. There was no 
evidence of leukemia pre- or postmortem in either patient. 

Effect of MoAb + C' treatment on CFU-GM. Bone 
marrow cells before and after MoAb + C’ treatment were 
cultured for 14 days in methylcellulose and examined for 
CFU-GM content. The number and concentration of CFU- 
GM varied from patient to patient before MoAb + C’ 
treatment, reflecting at the least a variation in the assay from 
experiment to experiment and possibly in the true number of 
CFU-GM harvested (Table 1). The degree of variation after 
MoAb + C' treatment was less significant. Overall, the 
effect of MoAb + C’ was to decrease CFU-GM absolute 
numbers by an average of 45%. 

Outcome Seven patients are surviving disease-free fol- 
lowing ABMT (Table 3). The longest survivors are 630+, 
450+, 380+, and 300+ days posttransplant. These patients 
are enjoying a high quality of life and are hematologically 
normal or nearly so. One patient who was in partial remission 
died following relapse of leukemia, and two died while still in 
leukemic remission 230 and 180 days posttransplant. In 
summary, six of seven patients transplanted in second or 
third CR are surviving and disease-free at 60+, 90+, 180+, 
390+, 450+, and 630+ days. 


DISCUSSION 


We have described our initial experience in a phase I study 
of the use of antimyeloid MoAbs to treat remission bone 
marrow ex vivo prior to its autotransplantation in patients 
with AML. This is the first report of the use of MoAbs 
directed to myeloid-differentiation antigens for this purpose 
and is significant for two reasons. First, although engraft- 
ment of normal myeloid cells was delayed, all patients 
ultimately recovered normal granulocyte levels despite sig- 
nificant reductions in the absolute numbers of CFU-GM 
after MoAb treatment (45% on average). The second signifi- 
cant albeit preliminary observation is that long periods of 
leukemia-free survival have resulted from this program in 
patients who historically would have developed early 
relapses. Although the number of patients we have treated is 
small, the patients’ remission durations áre promising. The 
three patients transplanted in second CR with the longest 
follow-up are surviving at 180+, 390+, and 630+ days; 
another patient in second CR (no. 2) who died of thrombocy- 
topenia was in leukemic remission at 230 days posttrans- 
plant. The expected median survival of patients in second 
remission following high-dose ARA-C reinduction is <5 
months.” All our patients transplanted in second CR who 
have been followed long enough have exceeded 5 months of 
disease-free survival. The patient transplanted in third CR is 
surviving and disease-free 450+ days posttransplant This 
duration of remission is rare in third remission. Although 
these initial results are encouraging, definitive conclusions 


1314 


BALL ET AL 


Table 3. Summary of Clinical Data and Transplant Outcome of Patients Who Underwent ABMT 


Drsease-Free 


Remission Status at Survival 


RM acrc ten akg eo em Pe 
Patient Ages/Sex (mo) (mo) Harvest Transplant After ABMT (mo) 
20/M 30 1* Second CR Second CR 21.04- 


Duration Duration 
First CR Second CR 
1 
2 32/F 10 3* 
3 44/F 31 10 
4 36/F 18 1* 
b 43/M 13 2 
6 28/F 20 — 
7 16/F 10 — 
8 40/M 20 1* 
9 44/M 9 1* 


Second CR Second CR 7.7 
Third CR Third CR 15.0+ 
Frst CR Second CR 13.0+ 
Second CR Third PR 33 
First CR First CRT 10.0+ 
First CR Firstt 60 
First CR Second CR 6.0+ 
Second CR Second CR 30+ 


10 44/F 12 1* First CR Sacond CR 2.0+ 
ihn ae ee 


“Duration of second CR before autologous bone marrow transplantation (ABMT). 


tEarly relapse 


regarding the curative potential of this program require more 
time, more patients, and a larger clinical trial 

It will be important to determine whether these initial 
promising results are related to the in vitro MoAb treatment. 
For example, ABMT in AML without purging of leukemia 
cells has been reported.?5 When performed in relapse or 
second remission, ABMT has not produced long remis- 
sions”; this method has been more successful in first 
remission, however. Eleven of 29 (38%) patients in first 
CR have achieved long disease-free survival (z2 years) in 
these studies, with an overall median survival of 63 weeks. 
Fourteen of 29 patients in these trials relapsed within 24 
months, however. In addition to immunologic methods, cyto- 
toxic drugs are potentially useful for purging marrow of 
residual leukemia blasts. Kaizer and colleagues reported 
several long-term survivors with AML transplanted with 
autologous marrow treated in vitro with the cyclophospha- 
mide congener, 4-hydroperoxycyclophosphamide (4HC).”6 
Definitive clinical trials will be necessary to demonstrate the 
relative efficacy of these various therapeutic approaches. 

This study addresses the fundamental scientific question 
of whether it is possible to eliminate the leukemic clone of 
cells from patients with AML using MoAbs directed to 
antigens that normally appear at the level of the CFU-GM. 
Thus, the therapeutic advantage we wish to exploit is based 
on our observation that clonogenic leukemia cells generally 
express the antigens we are targeting, whereas primitive 
normal progenitor cells do not. We are attempting to 
determine if leukemia cells from individual patients arise 
from a pluripotent progenitor cell population or from a later 
progenitor cell commmitted to the granulocyte/monocyte 
lineage. From the work of Fialkow and colleagues," examin- 
ing clonality of various blood elements in patients with AML, 
one might predict that our treatment would be successful for 
some patients but not for patients whose cells had a more 
immature origin. Studies of the expression of cell surface 
antigens on AML cells and their progenitors have revealed 
that antigens are acquired in an orderly fashion.'** analo- 


gous to normal myeloid differentiation. Thus, it may be 
possible to correlate the antigenic phenotype of patients’ 
leukemia cells with the outcome of transplantation with 
MoAb-treated bone marrow in these patients. We examined 
the total leukemia cell population for antigen expression in 
the patients selected for this pilot study by flow cytometry 
and C’-dependent lysis. It may be more relevant to consider 
the phenotype of clonogenic leukemia cells. We were not able 
to measure the effect of MoAb therapy on clonogenic 
leukemia cells (L-CFC) from the patients reported in this 
study. We are encouraged, however, because a single expo- 
sure to MoAb PM-81 clone eliminated >50% of the L-CFC 
from 13 to 20 patients with AML in another study, whereas 
MoAb AML-2-23 eliminated >50% of L-CFC from 6 of the 
same 20 patients. This indicates that the antigens defined by 
these MoAbs are expressed at the level of the clonogenic 
leukemia cell in some patients with leukemia. The hetero- 
geneity in antigen expression on L-CFC could allow some 
L-CFC to escape lysis, however. In a model system for 
clonogenic leukemia cells using the HL-60 leukemia cell line, 
we found that the degree of clonogenic cell kill can be 
increased by using two treatments rather than one”? and by 
using two MoAbs together (unpublished observations, June 
1985). Thus, under such optimal conditions of C'-mediated 
lysis, the elimination of L-CFC is possibly greater than that 
predicted from the study by Sabbath and co-workers." 
Consequently, we are presently treating all bone marrows 
with both AML-2-23 and PM-81 whether the patients’ cells 
react with both MoAbs or only with PM-81. The ultimate 
success of this program depends or our ex vivo procedure, the 
efficacy of the preparative regimen, and the modern support 
services that have contributed greetly to improved survival of 
leukemia patients. 
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Interleukin-1 (22-K Factor) Induces Release of Granulocyte-Macrophage 
Colony-Stimulating Activity From Human Mononuclear Phagocytes 


By Willem E. Fibbe, Jo van Damme, Alfons Billiau, Paul J. Voogt, Nelleke Duinkerken, 
Petra M.C. Kluck, and J.H. Frederik Falkenburg 


An electrophoretically pure preparation of natural human 
interleukin-1 (IL-1) was shown to stimulate in vitro colony 
formation in human bone marrow cultures. Day 4 myeloid 
cluster-forming cells (CFC), as well as early (day 7) and late 
(day 10) granulocyte-macrophage colony-forming units 
(CFU-GM) were stimulated in a dose-dependent fashion. At 
optimal concentrations of IL-1, the number of day 4 CFC 
reached 72%, the number of day 7 CFU-GM reached 32%, 
and the number of day 10 CFU-GM reached 80% of the 
respective numbers of colonies obtained by addition of 
crude leukocyte-conditioned medium (LCM). The IL-1— 
induced stimulatory effect on CFU-GM growth could be 
completely neutralized by a rabbit anti-IL-1 antiserum. 
Colony growth was abrogated by depleting the marrow cell 


r VITRO GROWTH of hematopoietic colony-forming 
cells in semisolid media requires the continuous presence 
of appropriate growth factors. Proliferation of granulocyte- 
macrophage (GM) precursors to colonies of mature progeny 
occurs under the influence of specific GM colony-stimulat- 
ing factors (GM-CSF), also functionally designated as GM 
colony stimulating-activity (GM-CSA) ! In humans, GM- 
CSF has been produced by various tissues and cell types, ie, 
T lymphocytes,” endothelial cells,* marrow adherent cells,’ 
and monocytes.S* Factors that regulate GM-CSF produc- 
tion by these cells are still largely unknown, however. Recent 
evidence has suggested a possible role for interleukin-1 
(IL-1) in the regulation of granulopoiesis. Multiple injec- 
tions of partially purified rabbit leukocytic endogenous 
mediator (LEM), a protein generally recognized as IL-1, 
resulted in a sustained elevation of the level of circulating 
neutrophils and increased plasma levels of GM-CSF. 
Preliminary studies m our laboratory using electrophoreti- 
cally pure preparations of a human IL-l-related factor 
showed in vitro stimulation of colony formation in human 
bone marrow cultures.'? This factor, obtained from mitogen- 
stimulated leukocytes, was discovered by its antiviral effect, 
ie, the capacity to stimulate fibroblasts to produce interfer- 
on."!! It could be identified as a human IL-1 B by its 
spectrum of biologic activities and its N-terminal amino acid 
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suspensions of phagocytic cells prior to IL-1 addition. 
Conversely, the effect could be reintroduced by addition of 
marrow-derived adherent cells to bone marrow cell sus- 
pensions that had been depleted pf both phagocytic and E 
rosetting T cells. Furthermore, madia conditioned by bone 
marrow-derived adherent cells or by peripheral blood 
mononuclear phagocytes in the presence but not in the 
absence of IL-1, stimulated in vitro colony growth of 
phagocyte-depleted bone marrow cell suspensions. These 
results indicate that IL-1 induces release of granulocyte- 
macrophage colony-stimulating activity (GM-CSA) from 
human mononuclear phagocytes. 

© 1986 by Grune & Stratton, Inc. 


sequence." The profound hematological effects observed 
after in vivo administration of this IL-1 also indicated its 
possible role in granulopo:esis.!° The present report provides 
evidence that IL-1 stimuletes the production of GM-CSA by 
mononuclear phagocytes. 


MATERIALS AND METHODS 


Normal human bone marrow. After patients gave their 
informed consent, bone marrow was obtained by aspiration from the 
posterior iliac crest of hernia 2ucler pulposi patients, who underwent 
laminectomy The cells were collected in Hanks’ balanced salt 
solution with 100 U/mL of preservative-free heparin. After dilution 
in RPMI,g, with 5% fetal bovine serum (FBS; GIBCO, Grand 
Island, NY), the cell suspension was separated over Ficoll-Isopaque 
(1.077 g/cm’, 1,000 g; 20 minutes, 20 °C), and the interphase was 
harvested and washed three times in REMI + 5% FBS. 

Bone marrow cell suspensions were depleted from mononuclear 
phagocytes by carbonyl iron incorporation.'? First, 10 mL of unsepa- 
rated cell suspension was diluted to 25 mL in RPMI and incubated 
with 125 mg of sterile carbonyl iron powder (Grade SF, Aristo- 
pharm, Delft, The Netherlands) in Erlenmeyer glass flasks (45 
minutes, 37 °C, with continuous agitation) to allow phagocytosis of 
the iron particles by mononuclear phagocytes A sterile magnet was 
then added, and the cell suspension was shaken for five minutes. The 
cells were collected, and myzloid cells, RBCs, and residual iron- 
loaded mononuclear phagocytes were removed by sedimentation 
through Ficoll-Isopaque; the interphase was harvested T lympho- 
cytes were then removed from the Ficcll interphase cells by being 
Tosetted with 2-aminoethylthiouronium bromide (AET)-pretreated 
sheep erythrocytes and by sedimentation of the rosetted cells 
through Ficoll-Isopaque.? The nonrosetting interphase cells con- 
tained <2% T lymphocytes es determined with indirect 1mmuno- 
fluorescence microscopy using monoclonal antibody Leu-4 (Becton 
Dickinson, Oxnard, CA) and fluorescein isothiocyanate (FITC)- 
labeled goat anti-mouse immunoglobulin antisera (Nordic Immuno- 
logical Laboratories, Tilburg, The Netherlands), and <2% mononu- 
clear phagocytes as determined with o-naphthylbutyrate esterase 
staining T lymphocytes were recovered from the pellet by lysis of the 
sheep erythrocytes with NH,C1.™ These suspensions contained <1% 
a-naphthylbutyrate esterase—positive cells, 

Mononuclear phagocytes from bore marrow Mononuclear 
phagocytes from bone marrow were obtained by adherence to 
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plastic." First, 10" interphase bone marrow cells in 4 mL of RPMI + 
20% FBS were incubated in Petri dishes ($ 9 cm; 90 minutes, 37 °C) 
After the nonadherent cells were removed with the supernatant, the 
adherent cells were washed twice with RPMI + 5% FBS (20 °C) to 
remove residual nonadherent cells The adherent cells then were 
incubated in RPMI + 20% FBS (60 minutes, 4 °C). The detached 
cells were harvested, and the residual adherent cells were removed 
with a rubber spatula. Residual T lymphocytes were removed from 
the suspensions of adherent cells by being rosetted with AET- 
pretreated sheep erythrocytes and by sedimentation through Ficoll- 
Isopaque Mononuclear phagocyte suspensions contained >75% 
a-naphthylbutyrate esterase-positive cells, <1% Leu-4—positive 
cells, and up to 25% chloroacetate esterase-positive cells. Suspen- 
sions of bone marrow adherent cells that were used to condition 
culture medium in the presence or absence of IL-1 contained <1%, 
1.5%, 8%, and 10% E rosetting T lymphocytes (Table 1). 

Mononuclear phagocytes from peripheral blood. Mononuclear 
phagocytes from peripheral blood were isolated as reported previous- 
ly. In brief, mononuclear cells were obtained by centrifugation on 
Ficoll-Isopaque (1.077 g/cm?). After being washed, the cells were 
incubated in 25 mmol/L of Tris-HCl buffer (30 minutes, pH 7 4, 
37° C), supplemented with 5% FBS. The cells were then washed in 
RPMI + 5% FBS and resuspended to a concentration of 25 to 50 x 
10*/mL in 2 mL of Percoll solution (Pharmacia Fine Chemicals, 
Woerden, The Netherlands; 1.063 g/cm’) at 4 °C. After centrifuga- 
tion (10 minutes, 1,500 g, 4 °C), mononuclear phagocytes were 
collected from the interphase and washed twice in RPMI + 5% FBS 
Residual T lymphocytes were then removed by being rosetted with 
AET-pretreated sheep erythrocytes and by sedimentation through 
Ficoll-Isopaque. The remaining cell suspension contained 9396 to 
95% a-naphthylbutyrate esterase-positive cells and <1.5% Leu- 
4-positive cells. 

IL-1 (22-K factor). Electrophoretically pure IL-18 was obtained 
from crude human lymphokine preparations by a four-step purifica- 
tion schedule as reported previously ° The preparation used in all 
experiments contained 10,000 U/mL, as tested in a standard assay 
for lymphocyte-activating factor (LAF) or for antiviral activity It 
did not contain other cytokine activities tested, including IL-la, 
IL-2, and CSA. It was found to be free of bacterial endotoxins, as 
tested by the Limulus amoebocyte lysate assay The lysate used in 
these studies can detect levels of endotoxin as low as 60 pg/mL. 
Moreover, the pyrogenic effect of IL-1 could be clearly distınguished 
from that of endotoxin, since the latter effect is resistent to heat 
treatment whereas the former is not.” 
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Rabbit anti-IL-I antiserum Hetero antisera against electro- 
phoretically pure IL-1 (22-K factor) were prepared in rabbits. At a 
dilution of 1:1,000, the antiserum could completely neutralize the 
biologic activity of IL-18 (100 antiviral or LAF U/mL). The 
antiserum was found to have no neutralizing activity against IL-la 
interferons and IL-2." 

Preparation of IL-I-conditioned media. Adherent bone mar- 
row mononuclear cells, mononuclear phagocytes, or E rosetting T 
lymphocytes isolated from peripheral blood were incubated at a 
concentration of 1 x 10°/mL in a-modified Eagle’s minimal essen- 
tial medium (a-MEM; Flow Laboratories, Irvine, Scotland) + 20% 
FBS in a fully humidified atmosphere of 37 °C and 5% CO, in the 
presence or absence of IL-1 (30 U/mL). Conditioned media were 
prepared in the presence of polymyxin-B (Pfizer B.V , Rotterdam, 
The Netherlands) (12.5 pg/mL) to neutralize possible contaminat- 
ing endotoxin activity.” After 1 to 5 days, the cell suspensions were 
centrifuged, and the supernatants were harvested and stored at 
— 80 °C until use. In all experiments these conditioned media were 
used at a final concentration of 20%. 

CFU-GM cultures Cells were cultured in a medium containing 
20% FBS (Rehatuin, Kankakee, IL), 20% leukocyte-conditioned 
medium (LCM),” or IL-1 or IL-1-conditioned medium, 30% a- 
MEM, and 30% methylcellulose 3% in a fully humidified atmo- 
sphere of 37°C and 5% CO," Six replicates of 01 mL, each 
containing 1 x 10* bone marrow cells, were plated into the wells of 
microtiter plates. Mononuclear phagocyte- and T lymphocyte- 
depleted bone marrow cell suspensions were cultured at a concentra- 
tion of 0.25 to 0.50 x 10* cells per well. After four days of cul- 
ture, the number of clusters of 5 to 20 cells were counted to deter- 
mine the number of the day 4 cluster-forming cells.” After seven 
and ten days, the number of CFU-GM colonies, defined as 
granulocytic, monocytic, or eosinophilic aggregates of >20 cells, 
were scored. Normal values in our laboratory for day 4 CFC are. 
269 + 25 (mean + SE), for day 7 CFU-GM: 82 + 7, and for day 10 
CFU-GM: 182 + 15/10° bone marrow mononuclear cells plated. 
Cultures to which 20% crude LCM as a source for CSF was added 
were included as positive controls, determining the 100% colony 
growth. To study the effect of IL-1 to induce colony formation, 
LCM was replaced by various concentrations of IL-1 diluted in 
a-MEM or by IL-1-conditioned medium. As a negative control, no 
LCM or IL-1 was added to the culture medium. Individual 
colonies were picked from the microtiter plates and stained 
with Giemsa, chloroacetate, and a-naphthylbutyrate esterase to 
assess eosinophilic, granulocytic, or monocytic lineage, respectively. 


Table 1. Effect of Media Conditioned by Bone Marrow Adherent Cells, Peripheral Blood Mononuclear Phagocytes, or E Rosetting T Cells 
In the Presence or Absence of IL-1 on Day 10 CFU-GM Growth 


oso os Ee ee ee 


Percentage of Total No of Colones Obtained m Presence of LCM 


Percentage of Total No of Colones D M— —— 


Culture Mecum Condrtioned by 
Incubati Marrow Adherent Cells (ADH-mdá)* Blood Mononuclear Phagocytes (m$) t E Rosettng 
Time (h) ADH-mó ADH-m¢ + IL-1 mp m$ + IL-1 L-1*t T Cells + L-11 
24 20 x 14 77 + 10 020 88 + 1 0+0 0+0 
48 114 11 100 + 15 020 106 + 11 o+0 020 
72 19 + 13 102 + 15 020 102 x 11 020 0x0 
120 — — 0+0 116 +0 0+0 0+0 


O W o o a istic uit: ADH = má. moror 

IL-1, interleukin-1 (30 U/mL); LCM, leukocyte-conditioned medium, CFU-GM, granulocyte-macrophage colony-forming unit, ADH = m$, marrow 
adherent celis; m$, mononuclear phagocyte. 

Data are expressed as mean + SE of 4, 3, and 2 expenments. Condrboned media were tested on mononuclear phagocyte- and T-cell depleted bone 
marrow cells. 

* Four experiments. 

1Two expenments. 

Three experiments. 
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For statistical analysis, differences were evaluated by the paired 
t test. 


RESULTS 


Stimulatory activity of IL-1 on nondepleted bone marrow 
cells. Serial threefold and tenfold dilutions of IL-1 were 
tested for their effect on in vitro colony formation in non- 
depleted bone marrow cultures. The results of these experi- 
ments are illustrated in Fig 1. The numbers of colonies 
obtained with LCM were within the normal limits of our 
laboratory. A dose-dependent stimulatory effect on day 4 
CFC and on early (day 7) as well as late (day 10) CFU-GM 
was noted. At the optimal concentration of IL-1 (30 U/mL), 
the number of colonies was still inferior to that obtained in 
the presence of LCM. Also, relatively few day 7 colonies 
were obtained, and these colonies were almost exclusively of 
granulocytic lineage. The day 10 CFU-GM colonies 
obtained with the IL-1 preparation of 30 U/mL were for 
16% + 2% (mean + SE) of monocytic lineage and for 8% + 
2% of eosinophilic lineage; in the presence of LCM, these 
percentages were 18% + 2% and 7% + 2%, respectively The 
numbers of day 14 colonies were similar to those of day 10 
colonies, indicating that the maximal Stimulating effect had 
been reached on day 10 (data not shown). From these 
experiments, a concentration of 30 U /mL of IL-1 was chosen 
as an optimal working concentration. 

Antiserum neutralization of IL-1. A specific rabbit 
anti-IL-] antiserum was tested for its ability to neutralize 
the stimulatory eifect of IL-1 on in vitro colony formation. 
When antiserum (1:20 dilution) and IL-1 (10? to 10° U/mL) 
were preincubated (30 minutes, 37 *C) prior to addition to 
the culture medium, colony growth was completely inhibited 
(P « .01; Table 2). This effect was not due to the preincuba- 
tion procedure as such, since IL-1 dependent colony growth 
was not reduced following preincubation of IL-1 and culture 
medium. Moreover, the antiserum itself did not inhibit 
colony growth; nor did it neutralize LCM activity, since 
normal colony growth was obtained after preincubation of 
LCM and antiserum (Table 2). 

Stimulatory effect of IL-1 on phagocyte- and/or T lym- 
phocyte-depleted bone marrow cells. To test whether 
accessory cells were required for IL-1-dependent colony 
formation, depletion studies were performed (Table 3). 
When bone marrow cells were depleted of mononuclear 
phagocytes, IL-1-dependent colony formation was abro- 
gated (P < .001). The reduction was not due to a lesser 
viability of the bone marrow cells, since normal numbers of 
colonies were obtained in the depleted cultures when LCM 
was added (Table 3). 

To define the nature of the accessory cells required for the 
IL-1 action, reconstruction experiments, involving addition 
of marrow adherent cells and/or T lymphocytes to the 
depleted bone marrow cultures, were done. Addition of 
marrow adherent cells restored IL- I-induced colony forma- 
tion (Fig 2), a direct relation being present between the 
degree of stimulation and the numbers of adherent cells 
added. T lymphocytes added alone or in combination with 
adherent cells did not contribute to the colony formation. To 
exclude the possibility that this IL-1-dependent colony for- 
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Fig 1. Effect of IL-1 on In vitro colony formation of the day 4 


cluster-forming cells (CFC-4; A) and on early (day 7; B) and late 
(day 10; C) CFU-GM. Maximal colony growth is determined by the 
number of clusters or colonies per 10* cells obtained in the 
presence of 20% leukocyte-conditioned medium. IL-1 concentra- 
tion Is expressed as the final concentration in the culture medium. 
Horizontal bars: mean of three to six experiments. 
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Table 2. Effect of Rabbit Anti-IL-1 Antiserum on IL-1-Induced 


Colony Growth 
No. of Day 10 CFU-GM 
Colonres as Percentags 
of LCM Control 
Preincubation Exp. 1 Exp 2 

IL-1 10° U/mL 66 64 
IL-1 10? U/mL + anti-IL-1 antiserum* 0 2 
LCM + anti-IL-1 antiserum* 82 67 


IL-1, interleukin-1 (30 U/mL), LCM, leukocyte-condrtioned medium; 
CFU-GM, granulocyte-macrophage colony-forming unit 
*Dilution 1:20 


mation was due to addition of CFU-GM present in the 
suspensions of adherent cells, these suspensions were cul- 
tured in the presence of LCM. The day 10 CFU-GM colonies 
cultured from these suspensions accounted for <3% of the 
total number of colonies obtained after addition of adherent 
cells to the depleted bone marrow suspensions. Furthermore, 
in the absence of IL-1 or LCM, no colony growth was 
: obtained after addition of adherent cells (data not shown). 
Effect of IL-1-stimulated mononuclear phagocyte- or T 
lymphocyte supernatants. To assess the effect of IL-1 on 
the release of GM-CSA into the supernatant, culture 
‘medium was conditioned by marrow adherent cells, periph- 
eral blood mononuclear phagocytes, or T lymphocytes, in the 
` presence or absence of IL-1. These conditioned media were 
then tested on phagocyte- and T lymphocyte-depleted bone 
marrow cell suspensions. As indicated in Table 1, media 
conditioned by marrow adherent cells or peripheral blood 
mononuclear phagocytes in the presence of IL-1—stimulated 
day 10 CFU-GM colony formation. In contrast, media 
conditioned by these cells without IL-1 induced significantly 
fewer colonies (P < .01). Furthermore, peripheral blood T 
lymphocyte supernatants in the presence or absence of IL-1 
had no stimulatory effect. Although small clusters could be 
observed on day 10, they did not develop into colonies and 
were dissipated after 14 to 18 days of culture. Background 
colony formation in cultures given conditioned media derived 
from unstimulated marrow adherent cells was variable. 
Although the origin of background activity is not clear at 
present, the counts were lowest in cultures receiving condi- 
tioned media from cell suspensions that contained the lowest 
numbers of contaminating nonadherent cells. 
In an additional experiment, residual IL-1 present in 
conditioned medium from peripheral blood mononuclear 
phagocytes was neutralized by addition of anti-IL-1 antise- 
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Fig 2. Effect of addition of adherent monocytes (má) and T 
lymphocytes (T cells) to mononuclear phagocyte- and T lympho- 
cyte-depleted bone marrow cells on IL-1 (30 U/mL) -dependent 
day 10 CFU-GM growth. Maximal colony growth is determined by 
the number of colonies per 10° cells obtained in the presence of 
20% leukocyte-conditioned medium. Results: mean + SE of three 
experiments. 


rum immediately prior to culture. The number of day 10 
CFU-GM colonies obtained with media conditioned for 
three days by peripheral blood mononuclear phagocytes plus 
IL-1 was 102/10° phagocyte- and T lymphocyte-depleted 
bone marrow cells. In the presence of the anti-IL-1 antise- 
rum, the number of colonies was not reduced (158/10? cells), 
demonstrating that the stimulatory effect of these condi- 
tioned media did not depend on the presence of IL-1. 


DISCUSSION 


The data presented 1n this article indicate that an electro- 
phoretically pure IL-1 protein exerts a dose-dependent stim- 
ulatory effect on granulocytic and monocytic in vitro colony 
formation No IL-i-dependent stimlatory effect was 
observed after depletion of mononuclear phagocytic cells, 
whereas the effect could be reintroduced by addition of 
marrow adherent cells to phagocyte- and T lymphocyte- 
depleted bone marrow cells, suggesting that IL-1 induces the 
release of soluble growth factors by bone marrow adherent 
cells. The hypothesis that the GM-CSA was secreted by 
mononuclear phagocytes into the culture medium and that 
the presence of the mononuclear phagocytes in the CFU-GM 
cultures was not obligatory was confirmed by experiments in 
which supernatants from purified, IL-1-stimulated mononu- 
clear phagocytes were used as conditioned medium. It is 
unlikely that the effect would be mediated by a potentiating 


Table 3. Effect of Mọ Depletion on IL-1-Dependent Colony Growth 


Nondepleted Marrow 
Medium 
LCM a-MEM (96) 
CFC day 4 201 + 63* 1+ If 
CFU-GM day 7 8b x 17 0+0 
CFU-GM day 10 204 + 38 0x0 


mó-Depisted Marrow 
Medium 
IL-1 (%) LCM a-MEM (96) L-1 (36) 
81+ 2t 303 + 67* O + Of 8 + 2+ 
76 x9 96 + 15 0+0 4+4 
99+65 167 + 40 0x0 3+3 


a-MEM, a-modified Eagle's minimal essential medium; CFC, cluster-forming cell; mó, mononuclear phagocyte; other abbreviations as in Table 1 


Data are presented as mean + SE of three experiments. 
* Absolute number of clusters or colonies per 10* cells 


[Percentage of total number of clusters or colonies obtained in the presence of LCM. 
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activity rather than GM-CSA, since the conditioned media 
were used on T lymphocyte- and mononuclear phagocyte- 
depleted bone marrow cells. Furthermore, because IL-1 as 
such had no stimulatory effect and because neutralizing 
concentrations of the anti-IL-1 antiserum did not inhibit the 
stimulatory effect of media that had been conditioned for 
three days by mononuclear phagocytes and IL-1, colony 
formation was not due to a carry-over effect of residual IL-1 
on other target cell populations present in the depleted 
marrow cell suspensions. 

In the present study, the mononuclear phagocytic lineage 
of the cells that released GM-CSA after stimulation by IL-1 
was substantiated by the fact that media conditioned by 
peripheral blood mononuclear phagocytes in the presence but 
not in the absence of IL-1 also stimulated in vitro colony 
formation. The possibility that other adherent cells, eg, 
fibroblasts and endothelial cells, are also capable of IL- 
I-induced release of GM-CSA is not excluded, however. 
Bagby and co-workers demonstrated that GM-CSA produc- 
tion by these cells and by T lymphocytes is stimulated by a 
soluble monocyte product, termed monocyte-derived recruit- 
ing activity.??5 Recently, Zucali and colleagues identified 
the monocyte-recruiting activity that induces fibroblasts to 
produce GM-CSA as IL-1.” Therefore, IL-1 appears to bea 
monokine that stimulates different target cell types, ie, 
fibroblast and mononuclear phagocytes, to produce GM- 
CSA. At present, it is unknown whether other cells, ie, T 
lymphocytes or endothelial cells are also capable of IL- 
1-induced GM-CSA release. 

T lymphocytes or T lymphocyte/monocyte interactions 
are also known to play a role in the regulation of granulopoie- 
sis. Addition of bone marrow T lymphocytes to T 
lymphocyte- and phagocyte-depleted marrow cells did not 
restore IL-1-induced colony formation, however, nor did it 
influence the stimulatory effect of added adherent cells. 
Media conditioned by peripheral blood T lymphocytes in the 
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presence of IL-1 also lacked a st:mulatory effect on colony 
growth. Therefore, the IL-1-induced GM-CSA release from 
mononuclear phagocytes appears to occur in the absence of T 
lymphocytes. 

According to Nicola and colleagues? most GM-CSF from 
human sources contain two distinct forms. GM-CSFa pre- 
ferentially stimulates day 14 colonies composed mainly of 
granulocytes and/or macrophages, whereas CSF8 stimulates 
predominantly day 7 colcnies, mostly granulocytic in compo- 
sition. The CSFa also stimulates eosinophilic colony forma- 
tion. Both the relatively mature cay 4 CFC and early (day 
7), granulocytic and late (day 10) granulocytic, eosinophilic, 
and monocytic CFU-GM appeared to be stimulated by IL-1 
in a dose-dependent fashion, indicating thet both CSFo and 
CSF were released. This stimulatory effect was completely 
neutralized by a specific rabbit anti-IL-1 antiserum. Even at 
optimal doses, the stimulatory effect of IL-1 was less than 
that of crude LCM. This was reflected by smaller numbers of 
colonies and also by a smaller number of cells per colony. The 
proportion of mononuclear phagccytes present in the bone 
marrow suspension and the amount of GM-CSA produced 
by them are probably the factors that limit the stimulatory 
effect of IL-1. In reconstitution experiments, the effect of 
IL-1 did indeed depend on the relative number of adherent 
cells added, and the stimulatory effect of media conditioned 
by 10$ peripheral blooc mononuclear phagocytes in the 
presence of IL-1 was equal to that obtained with the LCM. 

Because IL-1 is considered a monocyte product, our data 
suggest that a single mononuclear phagocyte may be both 
regulator and target cell. The possibility that regulator and 
target functions are fulfilled by different subsets of mononu- 
clear phagocytes should also be coasidered, however. 
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Histocompatible Unrelated Volunteer Donors Compared With HLA Nonidentical 
Family Donors in Marrow Transplantation for Aplastic Anemia and Leukemia 


By J.M. Hows, J.L. Yin, J. Marsh, D. Swrsky, L. Jones, J.F. Apperley, D.C.O. James, 
S. Smithers, J.R. Batchelor, J.N. Goldman, and E.C. Gordon-Smith 


We treated 14 patients by transplantation of marrow from 
unrelated volunteer donors. Eight patients had severe 
aplastic anemia, 3 had chronic granulocytic leukemia, and 3 
had Fanconi’s anemia. The results are compared with 
those of a group of 14 similar patients transplanted concur- 
rently from human leukocyte antigen {HLA)-mismatched 
family members: Sustained engraftment was achieved in 8 
of 14 patients in both groups; one additional patient 
survived with autologous marrow reconstitution following 
an unrelated donor transplant. In the unrelated donor 
group, 6 of 9 evaluable patients developed grade Ill through 
IV acute graft-v-host disease, as compared with 4 of 9 
patients after family-mismatched transplants. Overall sur- 
vival was similar in the two groups. In the unrelated donor 
group 4 of 14 (29%) patients survived (median survival 


R ADVANCES in immunobiology and trans- 
plant medicine have led to improvements ın the results 
of human allogeneic bone marrow transplantation (BMT). 
Transplantation now provides the best chance of cure for 
many patients with hematological malignancies'? and bone 
marrow failure.” Unfortunately, successful transplantation 
has largely been confined to those patients who have human 
leukocyte antigen (HLA) genotypically identical sibling 
donors. In Western Europe and North America, the average 
size of families restricts the number of patients with HLA- 
identical sibling donors to approximately one-third of the 
total number requiring allogeneic BMT. 

Bone marrow transplantation using HLA haplotype- 
mismatched family donors for patients with acute-leukemia 
has been investigated by the Royal Marsden Group.’ Major 
difficulties were encountered with severe acute graft-v-host 
(GVHD) disease and the development of a generalized 
capillary leak syndrome characterized by low central venous 
pressure, pulmonary edema, and acute renal failure. Eleven 
of the 35 patients (31%) survived for >6 months after 
transplantation. More encouraging results are reported from 
Seattle, where patients with acute leukemia in remission 
transplanted from one HLA antigen-mismatched family 
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1,299 days) as compared with 5 of 14 (36%) in the 
mismatched-family donor grouo (median survival 808 
days). in both groups, patients with HLA phenotypically 
matched donors fared better than those with donors who 
were mismatched for cne or more HLA antigen. Of the 
patients transplanted from HLA phenotypically matched 
donors 6 of 12 patients (50%) survived, as compared with 3 
of 16 patients (19%) transplanted from HLA-mismatched 
donors. We conclude that unrelated donor bone marrow 
transplantation (BMT) should be considered in those cases 
of leukemia or bone marrow failure in which the chance of 
cure using conventional therapy is remote and a HLA 
genotypically or phenotypically matched family donor is not 
availabie. 

9 1986 by Grune & Stratton, Inc. 


donors had a projected survival similar to that of a control 
group transplanted from HLA-identical sibling donors. 

For patients with acute leukemia without HLA-identical 
sibling donors, other potentially curative treatments exist, 
including autologous trensplantation of remission marrow 
with or without marrow purging to remove residual leukemic 
cells." In contrast, in the treatment of chronic granulocytic 
leukemia (CGL), complete remrssion cannot be attained 
with chemotherapy alone, and autografting is at present only 
used as palliative therapy. It is therefore important to 
investigate allogeneic BMT further in patients with CGL 
who lack HLA-identical sibling donors. 

Severe aplastic anemia (SAA) may be successfully treated 
by BMT from HLA-identical sibling donors, with survivals 
of 70% to 80% reported.>* The use of immunosuppressive 
therapy with antilymphocyte globulin (ALG) is more contro- 
versial, with variable response rates of 37% to 70% in 
different centers.” We recently identified a group of poor 
prognosis patients with severe aplastic anemia defined by a 
neutrophil count of <0.2 x 10°/L,"! who have an actuarial 
survival of only 36% at 5 years after ALG therapy. This 
group may be considered as candidates for unrelated donor 
BMT when a suitable family donar is not available. Further- 
more, patients with congenital aplastic anemia (Fanconi’s 
anemia) who exhibit a defect in DNA repair and pro- 
gressive generalized bone marrow failure are also candidates 
for unrelated donor transplantation in the absence of an 
HLA-identical sibling donor. 

Since 1981, we have carried out a pilot study using 
volunteer unrelated donors to transplant 14 patients with 
SAA, Fanconi’s anemia (FA), or chronic granulocytic leuke- 
mia (CML) who did not have HLA-identical sibling donors. 
During the same time, an additional 14 patients from the 
same disease categories have beer. transplanted from HLA- 
“mismatched” family donors in whom one or more HLA 
alleles were matched with the recipient on the mismatched 
haplotype. The incidence of sustained engraftment, GVHD, 
infections, and survival in the two groups have been com- 


pared. 
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UNRELATED DONORS FOR BMT 


PATIENTS AND METHODS 


Patients 

We treated 14 patients by allogeneic BMT from volunteer unre- 
lated donors In all cases, a suitable family donor was not available. 
During the same time, 14 patients were transplanted from HLA- 
mismatched family donors. Relevant patient and donor details are 
summarized in Table 1. All patients gave informed consent for the 
transplant procedure according to the Hammersmith Hospital ethi- 
cal guidelines. 


Donor Selection 
Unrelated volunteer donors 


All volunteer donors were selected from the Anthony Nolan donor 
panel The procedure for donor selection has been described," and is 
briefly summarized below. The Anthony Nolan panel currently 
contains records of 65,000 predominantly white HLA A and B 
antigen-typed donors, of whom ~2,000 have been DR antigen typed. 
An initial computer search identified HLA A and B antigen- 
matched donors for each potential recipient These donors were then 
typed for DR antigens by standard serological techniques" (Tables 2 
and 3) Antigen matching for A, B, and DR was complete in 6 of 14 
donor /recipient pairs (phenotypic identity). In eight cases, there was 
one HLA antigen mismatch between donor and recipient (Tables 1 
and 3). 
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Mixed Lymphocyte Reaction 


In all cases, a mixed lymphocyte reaction was carried out using a 
method based on that of Sengar and Terasaki.? The host-v-graft and 
graft-v-host activities were calculated as follows and expressed as a 
relative response index (RRI) 


R+D,-R+R, 


mre re 00 
R+X,-R+R, 


Host-v-graft RRI = 


D+R,-D+D 
Graft-v-host RRI = 2. * P — = * 74 y 100, 
DXX —D«D, 


where R = patient, D = potential donor, X = HLA-mismatched 
third-party control, and subscript one indicates radiated cells A 
RRI of >35% was considered positive. Before transplantation, the 
sera of the recipients were tested for lymphocytotoxic antibodies 
with the chosen donor’s cells and found to be negative. 

The volunteer donors had previously consented to donate bone 
marrow at the tume they joined the panel. Once a volunteer was 
considered a potential donor for a particular patient, the donation 
procedure and the risks involved were discussed in detail with the 
potential donor by a medical member of the transplant team. Each 
potential donor was given the opportunity to withdraw before the 
final written consent was obtained In all cases, the potential donor’s 


Table 1. Histocompatibility and Pretransplant Clinical Data 


Disease 
Status 


Patient Age/Sex 
No (yr) 


HLA Antigen 
Mismatch 


MLR HVG/GVH 


(96 RRI) Previous Treatment 


e o OA o OOOO mm 


Unrelated volunteer donors (n = 14) 


CGL/35 44/M BC B 
CGL/36 39/M CP None 
CGL/102 16/M CP None 
AA/38 19/F SAA A? DR 
AA/44 22/M SAA DR 
AA/A9 27/M SAA DR 
AA/50 32/F SAA DR 
AA/b8 26/M SAA DR 
AA/63 18/F SAA None 
AA/66 11/M SAA DR 
FA/69 10/F FA None 
FA/72 9/F FA None 
AA/74 18/M SAA DR 
FA/83 6/F FA None 
HLA-mismatched family donors (n = 14) 

CGL/33 22/M AP A 
CGL/56 33/M BC A,B 
CGL/61 8/M CP B 
CGL/79 25/M CP None 
AA/30 12/M SAA None 
AA/36 33/F SAA A 
AA/54 18/M SAA None 
FA/56 13/M FA None 
AA/57 22/M SAA A,B 
AA/64 20/F SAA A,B 
FA/77 12/M FA None 
FA/80 5/M FA A,B 
FA/82 10/M FA* B 
FA/86 12/F FA None 


NE Splenectomy BUS 
—3/29 Splenectomy BUS + 6TG 
7/-1 No splenectomy BUS 
11/04 Failed ALG 
24/12 Transfused 
10/19 Failed ALG x 2, HCMP 
140/133 Failed ALG 
11/13 Failed ALG x 2, CyA 
20/11 Failed ALG 
NE Failed ALG 
38/7 Oxymetholone, transfused 
3/17 Oxymetholone, transfused 
8/7 Failed ALG x 2, HDMP 
3/17 Oxymethalone, transfused 
—1/3 No splenectomy BUS + 6TG 
8/4 No splenectomy BUS + 6TG 
0.4/5 No splenectomy BUS + 6TG 
4/33 No splenectomy BUS 
Nonreactive Failed ALG 
Nonreactive HDMP 
8/0.1 Prednisolone 
—32/16 Oxymethalone, transfused 
NE Oxymethalone, HDMP 
NE Fatled ALG x 2 
Nonreactive Oxymethalone, untransfused 
20/14 Oxymethalone, untransfused 
28/2 Oxymethalone, transfused 
4/33 Transfused 


MELLE INC M MEE y LLL EC REECA UTE RENE EE 
CP, Chronic phase; AP, accelerated phase, BC, blast crisis; CyA, cyclosporme; ALG, antlymphocyte globulin, HDMP, high-dose methyl prednisolone, 
NE, not evaluable, HVG/GVH RRI « 1096, nonreactive; BUS, Busulphan; 6TG, 6-thioguanine 


*Leukemic transformation. 
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HLA Antigen 


Table 2. Results of Transplantation 


(Men HAMum mB axe aue Rr 


No. Mismatch (x 10°/kg) Graft a-GVHD GVHD +/0 (days) 
Unrelated volunteer donors (n = 14) 
CGL/35 B 0.33 (CAM) No teke NE NE D, 58 
CGL/36 None 2.0 Sustained IV (CLS) NE D, 17 
CGL/102 None 2.6 (CAM) Sustained o o A, 220 
AA/38 A, ? DR 3.3 Sustained In + D, 1535 
AA/44. DR 26 Sustained Li] T A, 1446 
AA/49 DR 16 NE NE NE D, 27 

P 1294 | 

AA/50 DR O 23 (CAM) No take NE NE autologous 
AA/B8 DR 3.0 Sustained IV (CLS) NE D, 21 
AA/63 None 31 Sustained I — D, 326 
FA/66 DR 3.8 No take NE NE D, 70 
FA/69 None 4.1 (CAM) Sustained ll + A, 724 
FA/72 None 4 0 (CAM) Sustamed I NE D, 23 
AA/74 DR 19 (CAM) No take NE NE D, 53 
FA/83 None 5.7 (CAM) Rejected day +10 I NE D, 57 
HLA-mismatched family donors (n = 14) 
CGL/33 A 2.2 Sustained IV (CLS) NE D, 62 
CGL/b6 A, B 2.3 (CAM) No take NE NE D, 39 
CGL/61 B 2 6 (CAM) No take NE NE D, 37 
CGL/79 None 4 1 (CAM) Sustained it + A, 520 
AA/30 None 2.8 Sustained ll + A, 1808 
AA/38 A 28 Sustained l o A, 1704 
AA/54 None 22 No take NE NE D, 45 
FA/56 None 4.0 Sustained m + A, 1097 
AA/57 A, B 44 Sustamed IV NE D, 43 
AA/64 A,B 2.9 Early death NE NE D, 15 
FA/77 None 2 1 (CAM) Sustained o 0 A, 470 
FA/80 A,B 11 6 (CAM) Rejected day +30 I NE D, 92 
FA/82 B 4 0 (CAM) No take NE NE D, 43 
FA/86 None 2.6 (CAM) Sustained 0 0 D, 120 


GVHD, gravt-v-host disease, CAM, ex vivo marrow treated with Campath-1, CLS, capillary leak syndrome. 


general practitioner was notified by the transplant team and kept 
fully informed. 


HLA-Mismatched Family Donors 


All donors were HLA haploidentical parents or siblings of the 
patient in whom one or more loci were identical with the recipient on 
the mismatched haplotype. Six donor/recipient pairs were HLA 
phenotypically identical; in four cases one HLA antigen was mis- 
matched, and in four cases two HLA antigens were mismatched. On 
mixed lymphocyte reaction testing in all cases, the RRI was <35% 
(Table 1 and Table 3) 


Methods 
Pretransplant Chemoradiotherapy Protocols 


Chronic granulocytic leukemia All patients received cyclo- 
phosphamide 60 mg/kg x 2, daunorubicin 60 mg/m), and fraction- 
ated total body irradiation (TBI) 200 x 5 or 200 x 6 cGy at a dose 
rate of 15 cGy/minute. Patients CGL/79 and CGL/102 received 
additional total lymphoid irradiation of 600 cGy Patient CGL/102 
also received pretransplant infusions of rat anti-human lymphocyte 
monoclonal antibodies Campath-2 (anti-CD7), Campath-3 (anti- 
CD3)," and the panlymphocyte monoclonal antibody Campath-1." 
The Campath antibodies were kindly supplied by Dr Herman 
Waldmann. 


Severe aplastic anemia All patients received cyclophosphamide 
50 mg/kg x 4. Patients AA/30, AA/36, AA/44, and AA/63 also 
received procarbazine 12 5 mg/kg x 3 and horse antilymphocyte 
globulin 1 5 vials 10 mg x 3 (Mericux, Lyons, France) Patients 
AA/64 and AA/74 had longstanding SAA and were treated with 
TBI 200 x 3 cGy to reduce the risk of graft rejection. 

Fanconi's anemia All patients received cyclophosphamide 
5 mg/kg x 4 and TBI 200 cGy x 3 Patient FA/86 also received 
pretransplant infusions of monoclonal antibodies Campath-2, Cam- 
path-3, and Campath-1 


Prevention and Treatment of GVHD 


Posttransplant immunosuppression — All patients received regu- 
lar cyclosporine (CyA) starting either on day —4 or day -1 
Patients CGL/33, CGL/36, CGL/35. AA/30, AA/36, AA/38, and 
FA/56 received oral CyA 12.5 mg/kg twice daily for four days, 
followed by 6 25 mg/kg twice daily. All other patients received CyA 
by intravenous (IV) infusion. A loading IV dose of 5 to 8 mg/kg/day 
was given for four to five days followed by 2 to 4 mg/kg/day. Oral 
CyA was introduced when gastrointestinal function was satisfactory. 
CyA was continued for 4 to 6 months after BMT for CGL and 9 to 
12 months after BMT for SAA and FA. 

Ex vivo treatment of donor marrow In 14 cases, the marrow 
was transfused without ex vivo treatment, (Table 2) In the remain- 
ing 14 cases, the marrow was concentrated using an IBM 2991 cell 


UNRELATED DONORS FOR BMT 


Table 3. Donor and Recipient HLA Types 


Patrent 


Identity Donor HLA Type Recipient HLA Type 


Unrelated volunteer donors (n = 14) 


CGL/35 A2,24, B15, DR 4 A2,24, Bb1,15, DR 4 
CGL/36 A28,24, B8,2b, DR 3 A28,24, B8,25, DR 3 
CGL/102 — A2,3 B7,15, DR 8,9 A2,3 B7,15, DR 8,9 
AA/38 42,24 B40,44, DR 7 A2,23, B40,44, DR? 
AA/44 42,29, B13,44, DR 7 A2,29, B13,44, DR 2,7 
AA/49 A1,3, B8,44, DR 3,5 A1,3, B8,44, DR 3 
AA/50 A2,32, B7,40, DR 2,4 A2,32, B7,40, DR 2,6 
AA/58 A2,3 Bb,7, DR 4 A2,3, B51,7, DR 4,7 
AA/63 A1,11, B44,8, DR 2,3 A1,11, B44,8 DR 2,3 
AA/66 A2,29, B12,40, DR 2,6 A2,29, B12,40, DR 2 
FA/69 A3,10, B7,12, DR 2,7 A3,10, B7,12, DR 2,7 
FA/72 A1,3, B7,8, DR 2,7 A1,3, B7,8, DR 2,7 
AA/74 A2,3, B15,8, DR 3,6 A2,3, B15,8, DR 3 
FA/83 A1,3, B7,8, DR 2,7 A1,3, B7,8, DR 2,7 


HLA-mismatched family donors (n — 14) 


CGL/33 A1,—, B8,40, DR 3,4 A1,2, B8,40, DR 3,4 
CGL/56 A2,28, B7,W60, DR 2,6 A2,W32, B44,W60, 
DR 2,6 

CGL/61 A2,24, B15, —, DR 4 A2,24, B15,51, DR 4 
CGL/79 A1,24, B8,14, DR 3 A1,24, B8,14, DR 3 
AA/30 A1,2, B8, 15, DR 3,4 A1,2, B8,15, DR 3,4 
AA/36 A2,2, B7,14, DR 2,7 A2,10, B7,14, DR 2,7 
AA/54 A1,2, B7,27, DR 5 A1,2, B7,27, DR& 
FA/b6 Known phenotypic match, data not available 
AA/67 A1,11,—, B35,37, A11,32, B14,35b, 

DR 4,7 DR 4,7 
AA/64 A11,32, B—,55, DR 4 A2,32, B23,51, DR 4 
FA/77 A1,2, B8,27, DR 3,4 A1,2, B8,27, DR 3,4 
FA/80 A—,11, B—,35, DR 4 A1,11, B18, DR 4 
FA/82 A2, B44,15, DR 1,4 A2, B44,40, DR 1,4 
FA/86 A1,3, B7,8, DR 2,3 A1,3, B7,8, DR 2,3 


washer. In 12 cases, a marrow buffy coat preparation was treated 
with the monoclonal antibody Campath-1"” in a final concentration 
of 100 ug/mL. In cases CGL/35 and AA/50, a marrow mononu- 
clear cell suspension prepared by Ficoll separation was treated. 
Although the total celi numbers in these cases were low, the final 
marrow mononuclear cell dose was comparable with that in the 26 
cases in which marrow buffy coat was processed (Table 2). In all 
cases, 20% to 25% donor serum was used as a source of complement. 
Ex-vivo marrow treatment was carried out in 7 of 14 unrelated and 7 
of 14 family cases (Table 2). After treatment, the marrow contained 
0 to 0.5 x 10’ T lymphocytes detected by a standard E rosette 
technique (data not shown). 

Treatment of GVHD. Clinically apparent acute GVHD was 
graded according to the Seattle criteria. In most cases, a skin 
biopsy was performed to confirm the diagnosis. Chronic GVHD was 
defined as GVHD persisting or occurring de novo >100 days after 
transplantation. Patients developing grade II through IV acute 
GVHD were treated with high-dose methyl prednisolone 10 to 20 
mg/kg/day given by IV bolus injection 


Protective Isolation and Antibiotic Regimens 


All patients were nursed in single rooms equipped with a positive- 
pressure clean-air supply. Laminar airflow units were not used. Oral 
nonabsorbable antibiotics and IV antibiotic regimens were given as 
previously described.* 
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Statistical Analysis of Data 


Survival curves were calculated using a nonparametric estimation 
for incomplete observations. Survival of patients was analyzed on 
April 7, 1986. 


RESULTS 


The results of transplantation in 14 patients with unre- 
lated donors and 14 patients with mismatched family donors 
are summarized in Table 2. 


Survival 


The survival in both groups was similar, with 4 of 14 
(2996) of patients in the unrelated donor group alive and 5 of 
14 (3696) of patients in the mismatched family donor group 
alive at the time of analysis. Median survival for unrelated 
donor transplants was 1,299 days (range 220 to 1,669) as 
compared with 808 days (range 470 to 1808) for mismatched 
family transplants. In both groups, survival was better 
following phenotypically matched transplants than after one 
or more antigen-mismatched transplants (Tables 2 and 4). 
Actuarial survival of FA and SAA patients transplanted 
from unrelated and family-mismatched donors as compared 
with similar patients with the same diagnosis transplanted 
concurrently from HLA-identical sibling donors 1s shown in 
Fig 1. There was no significant difference in actuarial 
survival between unrelated and mismatched family trans- 
plants; however, both groups survived less well than the 
patients transplanted from HLA-identical sibling donors. 
The HLA-identical sibling transplants were not directly 
comparable, however, as there was a much higher proportion 
of patients with acquired aplastic anemia in the group (47 of 
50) than in the HLA-nonidentical transplant group (13 of 
21). Of the 7 patients with CGL transplanted with marrow 
from matched unrelated or mismatched family donors, 4 
were transplanted in chronic phase, and 3 were transplanted 
in more advanced phases of the disease (Table 2) Only two 
(29%) survived, both transplanted in the chronic phase. One 
survivor (CGL/79) recieved marrow from a phenotypically 
matched parent, and the other (CGL/102) received marrow 
from a phenotypically matched unrelated donor. These 
results may be compared with results of transplant using 


Table 4. Survival Related to HLA Matching and Donor Category 


No With 
Campath* Sustaned Ill-IV GVHD/ 
Donor Category (+/-) Graft No Evakrable Survival 

NE 

HLA MM family << pi : 2/3 
24 0 NE 3/15 (1996) 

HLA MM unrelated << i 3: 3/3 

3+ 3 1/3 

HLA pheno family <3 2 1/2 
A+ 3 2/3 7/12 (60%) 

HLA pheno unrelated« 7 2- 2 1/2 


Numbers correspond to number of cases in each category NE, not 
evaluable; MM, mismatch, pheno, phenotypic. 

*Ex vivo T cell depletion with Campath 

One patient survives with autologous marrow reconstitution 
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Fig 1. Acturarial survival for patients with severe aplastic 
anemia (SAA) and Franconi's anemia (FA) transplanted from 
family-mismatched or unrelated donors as compared with 60 
patients with SAA and FA transplanted from human leukocyte 
antigen (HLA)-Identical sibling donors. Vertical marks indicate 
surviving patients. 


HLA- identical sibling donors; the actuarial survival at 2 
years is 72% for patients transplanted in chronic phase and 
18% for those transplanted in advanced phases of CGL. 


Evaluation of Engraftment 
HLA Phenotypically Matched BMT 


Satisfactorily sustained engraftment occurred in 10 of 12 
patients receiving phenotypically identical transplants in 5 of 
6 cases from unrelated donors and in 5 of 6 cases from family 
donors (Table 4). Transplantation with lymphocyte-depleted 
marrow was not obviously associated with increased graft 
failure in phenotypically matched transplants, although the 
numbers are too small for statistical evaluation Of the two 
graft failures, patient FA/83 rejected her graft 10 days after 
transplantation from a female unrelated donor Rejection 
was associated with the appearance of large granular reac- 
tive lymphocytes of predominantly CD8 phenotype in the 
peripheral blood. The other phenotypic graft failure was 
complete failure of graft taken in a patient with SAA 
(AA/54) who received marrow from his father. 


HLA-Mismatched BMT 


In contrast to the phenotypically identical transplants, the 
incidence of graft failure was high 1n unrelated or family 
transplants in which the donor was mismatched by one or 
more antigens and in which the marrow had been T cell 
depleted. Of the T cell-depleted mismatched transplants, 0 of 
7 achieved stable engraftment, of whom 3 had unrelated and 
4 had family donors. In mismatched transplants in which 
unmodified marrow was infused, sustained engraftment 
occurred in 6 of 7 evaluable cases. 


Evaluation of GVHD 


Of the 18 patients who were evaluable for acute GVHD, 
10 developed grade III through IV disease. Six of these were 
transplanted from unrelated donors, and four were trans- 
planted from family donors (Tables 2 and 4). An additional 
five patients developed grade I through II acute GVHD, and 
only 3 of 18 evaluable patients remained free of acute 
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GVHD. The number of patients is too small to assess 
whether there is a difference in severity of acute GVHD 
between patients receiving marrow from phenotypically 
matched donors as compared with those receiving marrow 
from donors mismatched for one or more antigen. Three 
patients with grade II through IV acute GVHD developed a 
generalized capillary leak syndrome with pulmonary edema 
and acute renal failure. Two patieats with capillary leak were 
transplanted from unrelated donors, and one was trans- 
planted from a family HLA A antigen-mismatched donor 
Ten patients were evaluable for chronic GVHD, which was 
present in eight cases. Severe progressive chronic GVHD 
developed in only one patient who was transplanted from an 
unrelated donor with a 1 DR antigen mismatch (AA/44, 
Table 2). 


Causes of Death 


The causes of death in patients transplanted from unrelated 
donors and family-mismatched donors are shown in Table 5. 
In both groups, the commonest cause of death was bacterial or 
fungal infection in association with graft failure. In 7 of 9 
patients dying with graft failure, the marrow donor was 
mismatched for one or more HLA antigens. Five patients died 
from acute GVHD disease and infections. In 3 of 5 of these 
cases, the immediate cause of death was an acute capillary 
leak syndrome (Table 2). There were two late deaths; one 
from gram-negative septicemia (day +326), and one sudden 
death on day +1,535 in a patient with chronic GVHD. Two 
patients died of hemorrhage (day +15, day +27). 


DISCUSSION 


Successful marrow transplantation for leukemia from an 
unrelated donor was first reported by the Seatile group in 
1980.” More recently, preliminary results of transplantation 
from partially HLA-matched unrelated volunteer donors 
have been reported from Iowa.”' In 1982, we reported the 
first two successful transplants for SAA using volunteer 
donors from the Anthony Nolan panel. These two patients 
are both included in the present report (AA/38, AA/44). 

We were discouraged from using full haplotype-mis- 
matched family donors by the high incidence of transplant 
complications reported by the Royal Marsden Hospital using 
HLA haplotype-mismatched family donors ta transplant 
patients for AML in first or second remission.’ Therefore, we 


Table 5. Principal Causes of Death Following BMT 


Death Donor Category 
(Total No /Cause) Unrelated (n — 14) Famity-mismetched (n = 14) 
No. of deaths 10 9 
(total) 
Graft failure 4 CGL/35, FA/83, b AA/b4, CGL/b6, 
(infection) AA/B4, AA/66 CGL/61, FA/80, 
FA/82 
GVHD 4 CGL/36, FA/72, 2 CGL/33, AA/57 
(xinfection) AA/58, AA/44 
Infection 1 AA/63 1 FA/88 
Hemorrhage 1 AA/49 1 AA/64 


BMT, bone marrow transplantation. 


UNRELATED DONORS FOR BMT 


have continued our study of HLA-matched unrelated volun- 
teer donors and have carried out unrelated donor transplants 
in 14 patients with SAA, FA, and CGL (Table 1). A 
concurrent group of 14 similar patients transplanted from 
haplotype-mismatched family donors who were matched at 
one or more loci on the mismatched haplotype has been 
compared with the unrelated donor group (Tables 1 and 2). 
Although the patients are a mixed group, the following 
preliminary observations may be made. 

The survival of patients after HLA phenotypically identi- 
cal donor transplants both in the unrelated and family donor 
groups is superior to that of patients transplanted from one or 
more HLA antigen-mismatched donors (Table 4). In con- 
trast, the MLR expressed as the RRI was not helpful in 
predicting GVHD, graft failure, or survival after unrelated 
or mismatched. family donor transplants (Tables 1 and 2). 

The number of patients is too small and the group too 
diverse for multivariate statistical analysis of other factors 
that might affect survival. Table 2, however, shows that the 
HLA phenotypically matched group and the HLA- 
mismatched group have a similar range of important vari- 
ables such as diagnosis, age, and conditioning protocols. In 
the phenotypically identical transplants, we did not experi- 
ence a high incidence of graft failure when ex-vivo T cell 
depletion of donor marrow was carried out (Tables 2 and 4). 
In contrast, in our experience of transplants in which one or 
more HLA antigen was mismatched, ex vivo T cell depletion 
of donor marrow was associated with an unacceptably high 
incidence of fatal graft failure regardless of the pretransplant 
conditioning protocol used, both in family-mismatched and 
unrelated donor transplants. Preclinical studies show no 
evidence that Campath-1 has a direct toxic effect on hemo- 
poetic progenitor cells in the concentration used in the ex vivo 
T cell depletion procedure." It is more probable that T cell 
depletion enhances graft failure by removal of donor T cells, 
which are cytotoxic toward residual recipient immunocom- 
petent lymphocytes with antidonor activity. This effect may 
be enhanced when the donor and recipient are HLA mis- 
matched. In those mismatched transplants in which ex vivo T 
cell depletion was not used, engraftment was usually satis- 
factory, but there was a high incidence of fatal GVHD 
(Tables 2 and 4). 

At present, the process for identifying a well-matched 
unrelated donor is both costly and time-consuming. Using 
the Anthony Nolan panel, the most time-consuming proce- 
dure is that of DR-typing donors who have been matched for 
HLA A and B antigens with the patient by computer. The 
median time taken to select an unrelated donor was 4 
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months, with a range of 2 to 6 months. Although a delay of 
several months is acceptable for some patients, for example, 
those with stable chronic-phase CGL, other patients such as 
those with SAA may develop life-threatening complications 
during the “workup” period Another difficulty has been the 
failure to find well-matched unrelated donors for patients 
whose ethnic background differs from that of the majority of 
donors on the panel. 

Our preliminary results reported here using partially 
HLA-matched family donors are similar to our results using 
unrelated volunteer donors (Tables 2 and 4). It is important 
to emphasize that, as with the unrelated donor transplants, 
the results of transplantation from phenotypically matched 
family donors were superior to those using one or more HLA 
antigen-mismatched donors. Although the numbers are 
small, our results using mismatched family donors do not 
support the recent report from the Seattle group in which the 
projected survival after one HLA-antigen-mismatched 
transplants from family donors was as good as for a control 
group of patients transplanted from HLA-identical sibling 
donors An advantage of using HLA partially matched 
family donors rather than volunteer donors is that the 
transplant is less likely to be delayed by a prolonged search 
for a suitable donor. A recent estimate suggests, however, 
that only one in ten patients evaluated for BMT in the United 
States had a haploidentical family member with a single 
allele difference on the mismatched haplotype. These data 
show that one HLA-antigen—mismatched family donors only 
slightly increase the size of the family donor pool provided by 
HLA-identical siblings. These preliminary findings support 
the view that the identification of a HLA phenotypically 
matched donor is important for the successful outcome of 
transplantation in the absence of an HLA genotypically 
identical sibling. We therefore intend to investigate further 
the use of HLA phenotypically matched unrelated donors for 
transplantation of patients with FA, CGL, and some patients 
with SAA. Furthermore, our results show that the incidence 
of graft failure is unacceptably high in HLA one or more 
antigen-mismatched transplants in which ex vivo T cell 
depletion of donor marrow is used as GVHD prophylaxis 
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Morphological Abnormalities in the Lymphocytes of Patients 
With the Wiskott-Aldrich Syndrome 


By Dianne Kenney, Lloyd Cairns, Eileen Remold-O'Donnell, Jeffrey Peterson, Fred S. Rosen, and Robertson Parkman 


Lymphocytes from 18 patients with the Wiskott-Aldrich 
Syndrome (WAS) were examined by scanning electron 
microscopy (SEM). Most peripheral blood lymphocytes 
from normal individuals are covered with slender microvil- 
lus projections, but a large proportion of lymphocytes from 
WAS patients were found to be relatively devoid of micro- 
villi. A lymphocyte morphology scoring system was devel- 
oped to quantify the density of microvilli: Grade 4 classified 
those lymphocytes with >75% of the surface covered with 
microvilli with progressive decrements to grade 1, which 
were those without microvilli. The mean lymphocyte mor- 


HE WISKOTT-ALDRICH syndrome (WAS) is an 
X-linked recessive disorder characterized by thrombo- 
cytopenia with platelets of reduced size and function, pro- 
gressive deterioration of T lymphocyte function, an inability 
to produce antibodies to carbohydrate antigens, and ecze- 
ma.'? It is difficult to make a definitive clinical diagnosis in 
some patients because of variability in the immunologic 
manifestations of the disease. 

We previously reported that WAS is characterized by a 
molecular defect in a lymphocyte membrane surface compo- 
nent, a sialoglycoprotein, gpL115.*5 To determine if lympho- 
cyte abnormalities could be detected at the morphological 
level, lymphocytes from 18 WAS patients were examined by 
scanning electron microscopy (SEM) and their morphology 
was compared with that of lymphocytes from eight normal 
individuals. 


METHODS 


Patients. The diagnosis of WAS was based on male sex, severe 
thrombocytopenia with platelets of reduced size and function and, in 
some patients, a family history of the disorder. Many of the patients 
had eczema and clinical immunodeficiency. Six patients had been 
splenectomized; 16 had platelet counts of < 100,000/uL. Their 
median age was 4 years (range one day to 25 years; five patients, <1 
year). 

Cell isolation. Peripheral blood was collected with parental 
consent in preservative-free heparin (100 U/mL) or acid-citrate- 
dextrose (ACD; NIH, formula A) (0.17 mL /mL). Blood specimens 
were maintained at room temperature and either processed immedi- 
ately or the day after shipment. All patient specimens were 
processed in parallel with blood from a normal individual. Mononu- 
clear cells were isolated on Ficoll-Hypaque gradients as described,’ 
plated in RPMI 1640 with 2% fetal calf serum (FCS) for one hour at 
37 °C; the lymphocytes (nonadherent cells) were collected, washed, 
and resuspended in RPMI without serum. Lymphocytes from 25 mL 
of cord blood anticoagulated with ACD were isolated within three 
hours of birth by the same procedure. Normal thymocytes were 
obtained by teasing thymic tissue removed as a routine part of open 
heart surgery. Thymocytes were resuspended in RPMI with 2% FCS 
and isolated, as were blood lymphocytes. 

Scanning electron microscopy (SEM). Lymphocytes, 5 x 10° 
(or thymocytes) in 5 mL were incubated at 37 °C for | hour, added 
dropwise to 50 mL of 1.25% glutaraldehyde in phosphate-buffered 
saline (PBS), pH 7.2, and incubated for one to two hours at 37 °C. 
Patient and paired normal samples were processed for SEM in 
parallel. Fixed cells were collected by gentle suction on Millipore 
(0.5 um) or polycarbonate (0.6 um) filters, and postfixed with 1% 
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phology score of eight normal individuals was 3.62 + .22. 
The mean lymphocyte score of WAS patients was substan- 
tially lower (2.89 + .27, P < .001). In addition, WAS 
lymphocytes often were qualitatively abnormal, with short, 
blunted microvilli. These morphological criteria were used 
to diagnose WAS from the cord blood lymphocytes of one 
"at-risk" patient. Thus, WAS is the first primary immuno- 
deficiency in which morphological abnormalities have been 
identified that can aid in diagnosis. 

e 1986 by Grune & Stratton, Inc. 


osmium tetroxide in PBS for one hour. Samples were dehydrated 
with graded ethanols, critically point-dried from carbon dioxide, 
coated with gold/palladium (60:40) to 100 to 150 A, examined on a 
scanning electron microscope (AmRay 12,000 B or JEOL 35C), and 
photographed at 4,000 to 7,000x magnification. All photographs 
were generated by a "blind" observer who was unaware of the origin 
of the lymphocytes. 

Morphology scoring. Fifty to 200 lymphocytes from each indi- 
vidual in at least 15 randomly selected fields were scored indepen- 
dently by two observers. To aid in the evaluation of normal and WAS 
lymphocytes, a scoring system (summarized in Table | and in the 
Results section) was established. When morphology was interme- 
diate, the higher score was given. One of the observers scored 
lymphocytes from 12 of 19 patients and 6 of 8 normal subjects in a 
blind fashion, (ie, without knowledge of their origin). The mean 
difference in the scores of the two observers for all patient and 
normal lymphocytes was minimal (0.17 + 0.11). Scores reported are 
the mean of the two observers' scores. Scores were not influenced by 
choice of anticoagulant or whether lymphocytes were isolated imme- 
diately or after overnight shipment. Statistical significance was 
determined by the nonparametric Wilcoxan rank-sum test compari- 
son of two groups in independent samples, and results are expressed 
as the mean + SD. 


RESULTS 


Morphology. Preliminary examination of lymphocytes 
from two WAS patients revealed an apparent decrease in the 
frequency of cells densely covered with microvillus surface 
projections. To evaluate the morphological alterations of the 
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Table 1. Lymphocyte Morphology Scoring 


Normal WAS 


Grade Surface Morphology Lymphocytes (96) Lymphocytes (%) 


13.0, P 001 








4 Villus projections 65.8 + 189 22.5 + 
on >75% of cell 
surface 

3  Villus projections 29.4 + 21.0 54.1 


on —7596 of cell 


surface 

2 Ridgelike projec 2.8 + 4.1 15.7 + 7.9, P 001 
tions 

1 No projections 1.9 + 2.6 7.7 7.9, NS 





Scoring system to evaluate lymphocyte morphology was based on the 
quality and density of surface projections found in scanning electron 
micrographs of peripheral blood lymphocytes of eight normal individuals 
and 18 WAS patients 


WAS lymphocytes and to compare them with normal lym- 
phocyte morphology, a grading system was established based 
on the quality and density of surface projections on normal 
lymphocytes (Table 1). Lymphocytes with microvillus pro- 
jections on >75% of the surface were scored as grade 4, 
whereas lymphocytes with microvillus projections on <75% 


of the cell surface were scored as grade 3 (Fig 1A). Lympho- 
cytes with only ruffled or ridge-like projections (thymocyte- 
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like) were scored as grade 2, whereas cells with no projec- 
tions were scored as grade | (Figs 1B, C, and D). Normal 
peripheral blood lymphocytes are primarily grade 4 
(65.8% + 18.9%) and grade 3 (29.4% + 21.0%) cells with 
occasional grade 2 (2.8% + 4.1%) or grade 1 (1.9% + 2.5%) 
cells (Table 1). The mean score of lymphocytes from normal 
0.22 (n 


were composed of >95% grade 2 cells with occasional grade 3 


individuals was 3.62 8). Normal thymocytes 


or grade | cells and had a mean score of 1.99 + 0.01 (n = 2) 
(Figs IB and 2). Peripheral blood lymphocytes from 18 
WAS patients were analyzed; the mean score was 2.89 

0.27 (n = 18, P 
cytes). The lower score was due to a lower percentage of 


001 as compared with normal lympho- 


grade 4 cells and a higher percentage of grade 3 and grade 2 
cells (Table 1). The change in the percentage of grade 1 cells 
was not significant. There were no differences between the 
absolute lymphocyte counts of the patients and the normal 
individuals. The lymphocyte score of 17 of 18 patients did not 
overlap with the normal range (Fig 2). No change in the 
morphology of WAS (or normal) lymphocytes resulted from 
holding whole blood overnight prior to isolating lymphocytes; 
for example, the mean morphology scores of a single patient's 
lymphocytes isolated immediately and, on a separate occa- 
sion, after 24-hour shipment of whole blood, were 3.03 and 
3.11, respectively. The extent of morphological alterations 


Fig 1. (A) Normal lymphocytes, 
grades 4 and 3; (B) normal thymocytes, 
grade 2: (C) WAS lymphocytes, grades 3 
and 2; (D) WAS lymphocytes, grade 1. 
Bars = 1 um 


MORPHOLOGICAL ABNORMALITIES IN WAS 
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Fig 2. Mean lymphocyte morphology scores of peripheral 


blood lymphocytes from eight normal individuals (PBL), and 18 
WAS patients (WAS). Eusplenic (x) and splenectomized (o) WAS 
patients are indicated. Arrows indicate mean of the scores for the 
normal and patient groups: PBL — 3.62 + .22; WAS = 2.89 + 27. 


and lower numerical scores in WAS lymphocytes did not 
correlate with the severity of the patient's thrombocytopenia 
or clinical immunodeficiency (not shown). The mean mor- 
phology score of lymphocytes from the six splenectomized 
patients was 3.16 + 0.13, whereas the mean score of the 12 
eusplenic patients was lower—2.81 0.3. Although the 
numerical difference between the mean scores of the two 
patient subgroups was not statistically significant, scores of 
all splenectomized patients are clustered above 3, whereas 
scores of eusplenic patients ranged broadly from 2.46 to 3.37 
(Fig 2). 

In addition to the quantitative difference reflected by the 
lymphocyte morphology score, qualitative differences were 
also noted between normal and WAS lymphocytes. The 
microvillus projections of many WAS lymphocytes were 
shorter and blunted relative to the more filamentous projec- 
tions characteristic of normal peripheral blood lymphocytes 
(Figs IC and D). WAS lymphocyte surface morphology was 
clearly different from the ruffled or ridgelike projections 
evident on almost all normal thymocytes, however, (compare 
Figs 1B and C). 

Neonatal diagnosis. The neonatal diagnosis of WAS 
can be difficult to make even if thrombocytopenia is present; 
T lymphocyte function is usually normal and eczema is never 
present. Adequate cell numbers for surface radiolabeling 
and/or electrophoretic studies are unobtainable. The cord 
blood lymphocytes of the male sibling of a WAS patient were 


collected and analyzed by SEM. The mean score of the cord 
0.14. Further, the neonate's 
grade 4 and 3 lymphocytes were qualitatively abnormal, with 
blunted microvilli (Fig 3). The surface morphology of cord 
blood lymphocytes from two normal neonates could not be 
distinguished from that of normal peripheral blood lympho- 
cytes (not shown). The patient's cord blood platelet count 
was 75,000/uL. During the first week of life, his platelet 
count decreased to 20,000/uL. The patient died of WAS at 4 
months of age. 


blood lymphocytes was 2.65 


DISCUSSION 


The Wiskott-Aldrich Syndrome is a multi-faceted clinical 
syndrome in which affected males have thrombocytopenia 
with platelets of reduced size and function, eczema, and 
immunodeficiency with decreased T lymphocyte function 
and inability to make antibodies to carbohydrate antigens 
The demonstration of glycoprotein abnormalities in both the 
platelets and lymphocytes of WAS patients' suggested a 
common basis for the platelet and T lymphocyte functional 
deficiencies. The present observations demonstrate that the 
peripheral blood lymphocytes of WAS patients, like their 
platelets, are morphologically abnormal. 

In the present study, SEM demonstrated that lymphocytes 
from WAS patients had a marked deficiency of surface 
microvilli. In agreement with a previous study, >95% ol 
normal lymphocytes were found to be densely covered with 
microvillus projections." Only 77.8% of WAS lymphocytes 
displayed the same density of microvillus projections. A 
scoring system for evaluating surface morphology was estab- 
lished. The mean score for the lymphocytes from 17 of 18 
(neonate excluded, see below) WAS patients was below the 
range of scores of normal lymphocytes. The one patient 
whose score overlapped with the low normal range (Fig 2) 
did not differ in any clinical characteristics (degree of 
immunodeficiency, eczema, or thrombocytopenia) from the 
other WAS patients. 

The immunologic deficiency in WAS is progressive, and 
the problems of recurrent infections and eczema are the most 





Fig.3. Cord blood lymphocytes of a WAS patient. The surface 
microvilli are short and blunt as compared with those of normal 
lymphocytes (Fig 1A) and differ from the ridgelike projections of 
thymocytes (Fig 1B). Bar = 1 um. 
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variable clinical manifestations and often the last to appear. 
Of the 18 WAS patients studied (excluding the one neonate), 
11 had fully developed eczema and 6 were clinically im- 
munodeficient. Immune abnormalities were detected in most 
patients, however, by anergy in delayed hypersensitivity skin 
testing, abnormal circulating T cell phenotypes, poor T cell 
proliferative responses to specific antigens and mitogens 
(spontaneous or after immunization), and failure to make 
antibodies after immunization with specific antigens. In this 
study, patients were diagnosed as WAS patients based on the 
dependable criteria of male sex, family history of WAS, and 
thrombocytopenia with platelets of reduced size. The finding 
of defective lymphocyte morphology in all these patients 
suggests that lymphocyte structural alterations represent a 
previously undescribed and invariable manifestation of the 
syndrome. This morphological defect is evident early, before 
clinical immunodeficiency and eczema are manifest, and is 
independent of splenectomy status and the severity of throm- 
bocytopenia and clinical immunodeficiency. Thus, defective 
lymphocyte morphology as assessed by SEM represents an 
additional diagnostic criterion to distinguish WAS in very 
young or mildlv affected patients. 

Only 1 to 2 x 10° purified lymphocytes are required for 
SEM. The morphological defect in WAS lymphocytes is 
independent of the manipulations used to isolate lympho- 
cytes, since SEM analysis of the unfractionated buffy coat 
layer (at the plasma/red cell interface after gravity sedimen- 
tation of whole blood) can detect the presence of morphologi- 
cally defective WAS lymphocytes (not shown). Therefore, it 
is possible to evaluate patients from whom only small blood 
samples are available. SEM was also used to diagnose WAS 
in one at-risk neonate who could not have been diagnosed on 
clincial grounds until later. Eventually, it may be possible to 
apply this diagnostic method to blood samples drawn pre- 
natally. 

The relationship between abnormal lymphocyte morphol- 
ogy and immune dysfunction in WAS is not clear. As the 
simplest interpretation, the lower lymphocyte morphology 
scores suggest that WAS patients have increased numbers of 
circulating thymocytes. The surface morphology of WAS 
lymphocytes, however, with fewer and more blunt surface 
projections than normal lymphocytes, is qualitatively dif- 
ferent from that of thymocytes, which have ridgelike or 
ruffled surface projections. Furthermore, lymphocyte mor- 
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phological abnormalities and lower morphology scores were 
found in all patients whether or not immature T cells could 
be detected by phenotypic analysis of peripheral blood 
lymphocytes (not shown). SEM analysis of the lymphocytes 
of patients with some other primary immunodeficiencies 
[ataxia telangietasia (2 patients), common variable agam- 
maglobulinemia (1 patient), hyper-IgM syndrome (2 
patients), severe combined immune deficiency (2 patients)] 
has not revealed any morphological lymphoid abnormalities, 
indicating that altered lymphocyte morphology is not a 
generalized characteristic of the immunoefficiency state (not 
shown). Successful bone marrow transplantation corrected 
the lymphocyte morphological abnormality in three WAS 
patients studied posttransplant (not shown). 

A small percentage of lymphocytes devoid of microvilli are 
consistently found in normal individuals (ref 6 and Table 1). 
We hypothesize that the higher percentage of lymphocytes 
devoid of microvilli in WAS patients results from removal of 
lymphocyte membrane and represents an accentuation in the 
patients of the normal mechanisms of lymphocyte turnover. 
^ recent study by Corash and co-workers! demonstrated a 
role for the spleen in an immunologically mediated process 
that results in the structurally abnormal, small platelets of 
the WAS. Thus, one interpretation of our findings is that the 
abnormalities in lymphocyte membrane glycoprotein, 
gpL115, lead to the splenic removal of membrane fragments 
and result in the loss of microvillus projections from the 
lymphocyte surface. The differences in the mean morphology 
scores of nonsplenectomized and splenectomized WAS 
patients examined in this study, however, were not statisti- 
cally significant. We have not yet serially examined lympho- 
cytes of WAS patients after splenectomy, when even a 
transient improvement in the morphology score would indi- 
cate a role for splenic removal of microvilli. 
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T Lymphocyte-Derived Differentiation-Inducing Factor Inhibits Proliferation 
of Leukemic and Normal Hemopoietic Cells 


By Urban Gullberg, Eva Nilsson, Mangalasseril G. Sarngadharan, and Inge Olsson 


A differentiation-inducing factor (DIF) for the promyelocytic 
HL-60 cell line is constitutively produced by the malignant T 
lymphocyte line HUT-102. DIF was highly purified from 
HUT-102-conditioned media by means of diethylaminoetha- 
nol (DEAE)-chromatography, gel chromatography, and high- 
resolution, ion-exchange chromatography on a MonoQ col- 
umn and sodium dodecy! sulfate-polyacrylamide gel electro- 
phoresis (SDS-PAGE). In addition to inducing differentiation 
of wild-type HL-60 cells, resulting in secondary inhibition of 
growth, DIF, at a tenfoid lower concentration, inhibited the 
growth of some clones of the monoblastic U-937 cell line as 
well as that of subclones of HL-60. The latter effect was 
most likely a primary growth inhibition and not secondary to 
differentiation; 5096 inhibition of clonogenic growth in agar 
was seen at ~1.0 pmol/L of DIF. In addition, the clonogenic 
growth of fresh leukemia cells from 10 of 12 patients with 


CUTE MYELOID leukemia (AML) is characterized 
by an accumulation of immature cells, which may 
preserve normally transient phenotypes. The block in cell 
differentiation is not necessarily irreversible, as was shown 
originally using the murine M-1 myeloid leukemia cell line.’ 
Agents that induce differentiation of M-1 cells inhibited 
leukemia development in mice, indicating that such agents 
can act in vivo? Furthermore, injection of M-1 cells into 
embryos can result in the appearance in adult mice of normal 
granulocytes partially derived from the leukemic clone,’ 
indicating that the malignant cells respond to normal differ- 
entiation control in the embryo. We*? and others*" demon- 
strated that mitogen-stimulated human mononuclear blood 
cells release polypeptides called differentiation-inducing fac- 
tors, DIFs,*° which can induce the promyelocytic HL-60 
line* to mature into monocytelike cells. Subsequently. we 
showed that the T lymphocyte leukemic cell line HUT-102, 
which releases human T cell leukemia virus (HTLV)? 
displayed constitutive production of DIF." DIF has been 
partly characterized; it has a mol wt of ~50,000. It acts 
synergistically with retinoic acid to induce differentiation of 
HL-60."? 

Now, we report that DIF, in addition to its differentiation 
effect on HL-60 cells, has a potent growth inhibitory effect 
on other myeloid cell lines and on fresh clonogenic cells from 
patients with AML. Normal granulocyte-macrophage clon- 
ogenic precursors (CFU-GM) and erythroid progenitors 
(BFU-E) are also susceptible. Thus, the ability of the same 
agent both to inhibit self-renewal and to induce the process of 
differentiation of some leukemic cells is emphasized. 


MATERIALS AND METHODS 
Chemicals 


12-O-Tetradecanoy! phorbol 13-acetate (TPA) and Nitroblue 
tetrazolium (NBT), were from Sigma Chemical Co (St Louis). 
Acrylamide/bis-acrylamide (29:1) was from Bio-Rad (Richmond, 
CA). The Bolton-Hunter reagent, (1]-4, hydroxyphenylpropionic 
acid was from New England Nuclear, Dreieich, FRG. Diethylami- 
noethanol (DEAE)-Sephacel, Sephadex G-75, MonoQ columns, and 
Superose columns were from Pharmacia Fine Chemicals (Uppsala, 
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acute myeloid leukemia (AML) was inhibited with 5096 
inhibition at ~10 pmol/L of DIF. The growth of normal 
granulocyte-macrophage colonies was inhibited at a similar 
concentration, whereas early erythroid colonies were much 
more resistant. DIF and interferon-y (y-IFN) were shown to 
be separate molecules inasmuch as a neutralizing antibody 
for Y-IFN did not abolish the DIF effect. The differentiation 
effect on wild-type HL-60 and the proliferation inhibitory 
effect on leukemic and normal myeloid cells cochromato- 
graphed through all purification steps suggest that both 
activities are exhibited by identical polypeptides. DIF may 
have a role in regulating normal hemopoiesis. The growth 
inhibitory effect of DIF and the ability to induce differentia- 
tion of some leukemia cells may suggest a clinical utility in 
the treatment of leukemia. 

e 1986 by Grune & Stratton, Inc. 


Sweden). Luxol fast blue was from T.T. Gurr, High Wycombe, 
Bucks, England. 


Cell Lines 


The HL-60,* U-937," K-562," and KGI”? cell lines were main- 
tained in suspension culture in RPMI 1640 medium containing 10% 
fetal bovine serum (FBS). The same medium was used for agar 
cultures. Exponentially growing cells were used for assays. Sub- 
clones of cell lines were obtained by picking individual colonies from 
agar cultures and expanding the cells by incubation in suspension 
culture. 


Assay for DIF 


The differentiation effect was assayed as previously described.” 
In brief, cells were exposed to DIF in suspension culture for 4 days, 
and the number of unspecific esterase-positive and NBT-positive 
cells were determined. One unit of DIF is defined as the amount 
necessary to increase by 10% the number of NBT-positive cells. The 
effect of DIF on growth of cell lines was determined both in 
suspension and in agar culture. In the latter case, 2,006 cells were 
seeded in 0.3% agar. and colonies were counted after 7 days. 


Assay for CFU-GM 


Human marrow cells (105) (density «1.077 g/mL) obtained by 
centrifugation in Isopaque-Ficoll were cultured in | mL of 0.3% agar 
on top of 1 mL of 0.8% agar in McCoy's medium with 15% FBS in 
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35-mm tissue culture dishes. As a source of colony-stimulating 
activity (CSA), human placenta conditioned medium (HPCM) was 
used'* after partial purification by chromatography on Sephadex 
G-75. For colony morphology studies, agar gels were fixed in 5% 
glutaraldehyde and dried; they were then stained with 0.1% Luxol 
fast blue and counterstained with Harris hematoxylin. 


Assay for BFU-E 


Mononuclear blood cells of four healthy subjects were isolated 
from heparinized blood by centrifugation on Ficoll-Hypaque and 
cultured at 2 x 10°/mL in 0.8% methyl cellulose in Iscove's 
modification of Dulbecco's medium, supplemented with 30% FBS, 
20 mmol/L of glutamine, 50 umol/L of B-mercaptoethanol, 1.7% 
bovine serum albumin (BSA), 1.6 umol/L of FeCl, and 4.5 umol/L 
of transferrin. Ten percent conditioned medium from the Mo cell 
line was used as CSA together with | U/mL of human urinary 
erythropoietin, kindly provided by Dr David Golde of the Depart- 
ment of Oncology-Hematology, University of California at Los 
Angeles, and Dr Miloslav Beran, M.D. Anderson Hospital, Houston, 
respectively. The BFU-E were counted after 20 days. Control 
incubations without DIF contained 41 + 25(SD) BFU-E per dish. 


Interferon-y (4-IFN) and Anti-y-IFN 


Recombinant y-IFN (Ernst- Boehringer Institut für Arzneimittel- 
forschung) contained ~2 x 10’ IFN U/mg of protein. A murine IgG 
monoclonal antibody that neutralized the antiviral and anticellular 
effects of y-IFN was obtained from the same source. Neutralizing 
anti-y-IFN antibody was incubated with DIF overnight before 
testing. 


Production of Conditioned Medium 


Roller bottle cultures of HUT-102, clone B2, grown in RPMI, 
1075 FBS, were harvested at 96 hours postseeding. Supernatant was 
clarified by centrifugation at 1,600 rpm for 20 minutes and run 
through a continuous flow Model K ultracentrifuge (Electro- 
Nucleonics, Rockville, MD) at 35,000 rpm at a rate of 10 to 11 L/h 
on a sucrose step gradient (20% to 60% in 10 mmol/L of Tris, pH 
7.2, 0.1 mol/L of NaCl, 1 mmol/L of EDTA). The virus-free 
effluent (LyCM) was collected and stored at 4 °C. 


Isolation of DIF 


DIF was isolated from 40 L of conditioned medium, which was 
concentrated by ultrafiltration using a Pellicon casette (Millipore, 
Bedford, MA) with a filter of a cut-off point at a mol wt of 10,000. 
Dialysis was carried out against 10 mmol/L of Tris-HCI buffer, pH 
8.0, containing 0.1 mmol/L of phenylmethylsulfonylfluoride 
(PMSF), 0.01% polyethylene glycol (PEG) 6,000, and | mmol/L of 
dithiothreitol (buffer A). 

Step l: DEAE-Sephacel chromatography. The concentrated 
and dialyzed conditioned medium was applied in three separate runs 
on a 360-mL column equilibrated with buffer A. Elution was 
performed with an 800-mL NaCl/buffer A gradient, ranging from 0 
100.3 mol/L of NaCl. The DIF eluted at 0.05 to 0.10 mol/L of NaCl 
was pooled, dialyzed against buffer A, and rechromatographed once 
on DEAE-Sephacel. 

Step 2: Gel chromatography. | DIF-containing material from 
step | was subjected to gel chromatography (four separate runs) on a 
Sephadex G-75 superfine column (5 x 100 cm) eluted with 0.15 
mol/L of NaCI, buffer A. DIF-containing fractions were pooled and 
concentrated by ultrafiltration and rechromatographed once. 

Step 3: High-resolution, ion-exchange chromatography. DIF 
from step 2 was subjected to chromatography on a MonoQ column 
(1 x 10 cm) equilibrated with buffer A. Elution was performed with 
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a 60-mL NaCl/buffer A gradient, ranging from 0 to 0.2 mol/L of 
NaCl using the Fast-Pressure Liquid Chromatography (FPLC) 
system (Pharmacia). DIF eluted at 0.05 to 0.10 mol/L of NaCl was 
rechromatographed, and only the DIF eluted at <0.08 mol/L of 
NaCl was recovered to increase the specific activity. 

Step 4: SDS-PAGE. SDS-PAGE was performed as described'* 
using ].5-mm slab gels of 5% to 20% acrylamide. DIF-containing 
fractions from step 3 were concentrated in a dialysis bag placed 
inside a heap of solid PEG-20,000. Electrophoresis sample buffer’ 
was added, and the mixture containing 50 mmol/L of Tris HCI 
buffer, pH 6.8, 2% SDS, 2% 2-mercaptoethanol, 50 mmol/L of 
PMSF, and 20% glycerol, was incubated at 60°C for 20 minutes. 
After electrophoresis, part of the gel was stained to localize mol wt 
standards: albumin (mol wt 67,000), ovalbumin (mol wt 43,000), 
Carbanhydrase (mol wt 30,000), soya bean trypsin inhibitor (mol wt 
20,000), and a-lactalbumin (mol wt 14,400). The unstained gel 
matrix was sliced into 0.25-cm strips. The slices were extracted 
overnight with 1 mL 5% FBS in 0.15 mol/L of NaCl, dialyzed 
against 0.15 mol/L of NaCl, buffer A, and assayed for biological 
activity. Some DIF-containing material of step 3 was also iodinated 
using the Bolton Hunter reagent according to the description of the 
manufacturer, After electrophoresis, gels were dried on filter paper 
and exposed to x-ray film (Kodak X-Omat) for 12 hours. 


Other Chromatographic Methods 


A Superose 12 column was used for gel filtration equilibrated with 
0.15 mol/L of NaCl, buffer A. Protein was measured using the 
Bio-Rad protein assay or estimated from the absorbance of 280 nm; 
an absorbance of 1.0 was considered to correspond to 1 mg/mL of 
DIF. 


RESULTS 
Purification of DIF From HUT-i02 Conditioned Medium 


The purification steps are modifications of procedures 
used in a previous report on the biochemical characterization 
of DIF.” Especially high-resolution ion-exchange chroma- 
tography of the present work represented a powerful 
improvement. Table | summarizes data on the yield and 
specific activities from each step of purification. DIF- 
containing fractions obtained bv MonoQ chromatography 
(step 3) showed a 37,000-fold purification with an overall 


Table 1. Purification of DIF From 40-L HUT-102 Conditioned 











Medium 
Total Specific 
Activity Activity Purification — Yield 
Fraction Protein (U x 10° (U/mg) (-Fold) (96) 
HUT-102 medium 195g 80 0.41 1.0 100 
DEAE-Sephacel 6.25g 64.4 10.3 25 81 
Sephadex G-75 044g 48 109.1 266 60 
Mono ! 64mg 40.8 637.5 1,554 51 
Mono II* 1.6mg 24.4 15,250 37,195 31 
SDS-PAGE + — 3.8 — = 5 





DIF, differentiation-inducing factor: HUT-102, malignant T lympho- 
cyte cell line; DEAE, diethylaminoethanol; SDS-PAGE, sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis. 

*MonoQ il refers to rechromatography on MonoQ followed by 
collection of DIF eluted at «0.08 mol/L of NaCl to increase the specific 
activity. 

1 The protein content of fractions eluted from the gel was too low to be 
determined. 


DIFFERENTIATION-INDUCING FACTOR 


yield of 31% and were used in experiments described below 
unless otherwise stated. Concentrations of DIF are given as 
total protein added of this fraction. From experiments with 
radioiodination using the Bolton-Hunter reagent followed by 
SDS-PAGE (Fig 1) and elution of DIF from the gel ~5% of 
the radioiodinated protein was calculated to be associated 
with DIF activity. Estimations of molar concentrations of 
DIF which follow are based on these data and a mol wt of 
50,000. 


Proliferation Inhibitory Effects on Myeloid 
Leukemia Cell Lines 


induction of ~50% of wild-type HL-60 into NBT-positive, 
«-naphthyl butyrate esterase-positive monocytelike cells was 
achieved with ~50 pmol/L of DIF. This represents the 
characteristic differentiation-inducing effect of DIF re- 
ported earlier.’° The results reported here demonstrate that 
at a tenfold lower concentration, DIF inhibited the growth of 
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Fig 1.  Copurification of differentiation and antiproliferative 
effects of DIF on sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis (SDS-PAGE). Three hundred units of DIF obtained in 
step 3 (MonoQ chromatography) were subjected to SDS-PAGE. Of 
eluted fractions, 100 uL were used for assay of differentiation 
induction of wild-type HL-60, 50 uL were used for assay of 
inhibition of clonogenic growth of CFU-GM, and 20 uL were used 
for assay of inhibition of clonogenic growth of a subclone of HL-60 
(HL-60-10). "51-Labeled MonoQ DIF was electrophoresed simulta- 
neously, and this part of the gel was dried and autoradiographed; it 
is shown (top) with mol-wt markers. The position of various 
activities eluted from the gel are given. In addition, some '*t- 
labeled DIF was added to the nonlabeled DIF before electrophore- 
sis; by measuring the radioactivity of the fractions eluted after 
electrophoresis, it was possible to make an estimate of how much 
of the radioiodinated protein corresponded to DIF. 
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some subclones of both U-937 and HL-60 without the 
production of mature NBT-positive cells. Figure 2 shows a 
dose-dependent inhibitory effect of DIF on proliferation of a 
subclone of U-937'* in suspension culture (top panel). The 
antiproliferative effect was partly reversible; when the celis 
were exposed to DIF for 3 days, washed, and resuspended in 
fresh medium, a slow recovery of growth occurred, indicating 
that at least a fraction of the cells had survived (Fig 2, middle 
panel). The growth inhibitory effect (like the differentiation 
effect)? was rather heat stable but was destroyed by boiling 
(Fig 2, lower panel). The growth of a subclone of HL-60 
(HL-60-10) was inhibited at similar concentrations (data not 
shown). In contrast to wild-type HL-60, the subclone was 
«-naphthyl butyrate esterase-positive and thus similar to the 
monoblastlike U-937. 

The growth inhibitory effect of DIF was more pronounced 
using a clonogenic assay instead of suspension culture. The 
growth inhibitory effect of DIF on the clonogenic growth in 
agar of various myeloid leukemic cell lines was compared 
(Table 2). HL-60-10, U-937, and KG-1 showed a similar 
susceptibility to DIF, whereas the K-562 cell line showed a 
tenfold lower susceptibility. 

The addition of 4,000 neutralizing units of anti-y-LFN 
antibody did not neutralize the proliferation inhibitory effect 
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Fig2. Effect of DIF on the proliferation of U-937 in suspension 


culture. DIF from step 3 (MonoQ chromatography} was added to 
the cultures, and cell counts were determined during 6 days. Top 
panel: growth inhibitory effects of various concentrations of DIF. 
Middle panel: partial reversibility of the antiproliferative DIF 
effect; cells were incubated without (control) or with 50 ng 
DIF/mL for 3 days and were washed and resuspended in fresh 
medium, and the proliferation was monitored. Bottom panet: heat 
sensitivity of DIF using 10 ng/mL of DIF heat-treated for 20 
minutes. 
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Table 2. The Growth Inhibitory Effect of DIF on Clonogenic 
Growth in Agar of Myeloid Leukemic Cell Lines 





50% Growth inhibition 





Cell Line {ng/mL DiF)* 
HL-60 (wild type) > 100 
HL-60-10 1 
HL-937 1 
KG-1 2 
K-562 11 





Differentiation-inducing factor (DIF) from step 3 (MonoQ chromatog- 
raphy) was used for these assays. 


of DIF (Fig 3). Identical results were also obtained when 
immunoprecipitates, which might have formed with the 
antibody, were removed by adsorption to protein A-Sepha- 
rose prior to testing. Furthermore, y-IFN 100 to 4,000 
U/mL, unlike DIF, did not induce any maturation of wild- 
type HL-60 as judged by lack of induction of NBT-positive 
cells (data not shown). Treatment at pH 2 only partially 
reduced the DIF activity (Fig 3). All these results indicate 
that DIF and y-IFN are nonidentical. 


Proliferation Inhibitory Effects on Normal Hemopoietic 
Clonogenic Cells and on Fresh AML Cells 


Figure 4 shows that normal CFU-GM and BFU-E as well 
as clonogenic fresh AML-cells from 10 of 12 patients 
responded with growth inhibition to the addition of DIF. 
CFU-GM counted on day 14 were more susceptible than 
were CFU-GM counted on day 10, whereas cluster-forming 
cells counted on day 7 were even less susceptible. Only a 20% 
inhibition of growth of BFU-E was documented over a wide 
range of DIF concentrations. Actually, a significant stimula- 
tion of the growth of BFU-E was demonstrated at very low 
concentrations. Effects on CFU-GMs at such low concentra- 
tions of DIF were not investigated. A 50% growth inhibition 
of both CFU-GM (day 10) and AML cells was seen at ~10 
pmol/L of DIF (Fig 4). Treatment with DIF did not change 
the commitment of CFU-GM inasmuch as the distribution 
of macrophages and granulocytes in residual colonies did not 
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Fig 3. Effect of low pH and a neutralizing anti—y-IFN antibody 
on the proliferation inhibitory effect of DIF on U-937. DIF was 
treated at pH 2 or with 4,000 neutralizing units of antibody 
overnight prior to testing. Control shows growth of celis without 
added DIF. 
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Fig 4. Effects of DIF on clonogenic growth of bone marrow 
cells from ten patients with acute myeloid leukemia (AML), normal 
CFU-GM of marrow cells, and normal BFU-E of mononuclear blood 
cells. DIF from step 3 (MonoQ chromatography) was used. The 
plating efficiency of marrow cells from the AML patients varied 
between 0.3% and 2.0%. Cells from two patients with AML were 
resistent to DIF, and results for these were excluded. Growth of 
clonogenic AML cells was read at day 7. Cluster-forming units 
(CLFU) were read at day 7. CFU-GM were read at days 10 and 14, 
and BFU-E were read at day 20. Bars, SEM. 


differ from that of control cultures (data not shown). Like 
the antiproliferative effect of DIF on leukemic cell lines, the 
effect on normal CFU-GM was rather heat resistant, resis- 
tant to a neutralizing antibody against y-IFN, and only 
partially susceptible to low pH (Fig 5). 
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Fig 5. Effect of heat treatment, low pH, and a neutralizing 
anti—y-IFN antibody on the proliferation inhibitory effect of DIF on 
normal CFU-GM. Control incubation with DIF (A). DIF was treated 
at pH 2 (CJ) or with 4,000 neutralizing units of the antibody (8) 
overnight prior to testing. Heat treatment was for 20 minutes at 
70 °C and 100 °C (O). 


DIFFERENTIATION-INDUCING FACTOR 


Copurification of Differentiation-Inducing Effect and 
Proliferation Inhibitory Effect of DIF 


Both activities cochromatographed exactly on DEAE 
chromatography (step 1). When material from step 3 was 
subjected to rechromatography on a MonoQ column or on a 
Superose column, the activities copurified (Fig 6). Some 
molecular heterogeneity is indicated by the elution pattern 
from the MonoQ column. This is consistent with results from 
chromatofocusing demonstrating that the isoelectric point 
varied between pH 5.4 and 5.9 (data not shown). In addition, 
when the material from step 3 was subjected to SDS-PAGE 
followed by elution of gel slices, both activities were found in 
the same fractions (Fig 1) and a mol wt of ~50,000 was 
calculated. By addition of some '*I-labeled DIF prior to 
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Fig 6. Copurification of differentiation and antiproliferative 
effects of DIF on a MonoQ column and a Superose column. Six 
hundred units of DIF obtained in step 3 were rechromatographed 
on a 1-mL MonoQ column (A) eluted with 1-mL fractions using a 
gradient of NaCl-buffer A. Forty microliters were used for assay of 
differentiation induction of wild-type HL-60. 10 uL were used for 
assay of inhibition of clonogenic growth of CFU-GM, and 0.5 uL 
were used for assay of inhibition of clonogenic growth of a 
subclone of HL-60. Three hundred units of DIF obtained in step 3 
were chromatographed on a Superose 12 column (B) eluted with 
1-mL fractions using 0.15 mol/L of NaCl-buffer A. Eighty microli- 
ters were used for assay of differentiation induction of wild-type 
HL-60, 10 uL were used for assay of inhibition of clonogenic 
growth of CFU-GM, and 10 uL were used for assay of inhibition of 
clonogenic growth of a subclone of HL-60 (HL-60-10). 
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electrophoresis, it was estimated that 5% of the protein 
content of the MonoQ fraction may consist of DIF. 


DISCUSSION 


DIF induces the differentiation of wild-type HL-60 along 
the monocyte-macrophage pathway," resulting in sec- 
ondary inhibiton of growth. In addition, results from this 
report show that, at a tenfold lower concentration, DIF 
inhibits growth of subclones of both HL-60 and U-937. The 
latter effect was expressed without visible differentiation, as 
judged by the lack of production of NBT-positive cells 
characteristic of the mature differentiation product. ^? 
Even if phenotypic modulation may have occurred, it is 
unlikely that the rapid antiproliferative effect observed was 
secondary to induction of differentiation 1n this case. Thus, 
DIF appears to display different actions on clones from the 
same cell line. Target cells that are resistant to a growth 
inhibitory effect at a low concentration may respond with 
differentiation at a higher concentration of DIF as wild-type 
HL-60 cells do. In both cases, the final result will be 
inhibition of the self-renewal capacity of the leukemic cells. 

In a cell line, a large fraction of cells has a capacity for 
clonal self-renewal. Among fresh leukemia cells from 
patients with AML only a minority of cells are clonogenic, 
however. Therapeutic efforts must be directed toward the 
clonogenic leukemia cells becasue nonclonogenic cells will 
disappear anyway. The growth inhibition by DIF of marrow 
cells from patients with AML using a clonal assay may 
suggest a utility of DIF in the treatment of leukemia. The 
effect on AML cells may be a direct inhibition of prolifera- 
tion of leukemic clonogenic cells or may be secondary to 
induced differentiation. The plating efficiency in agar of 
marrow cells from patients with AML varied considerably," 
and it was a parameter of prognosis inasmuch as a high 
plating efficiency indicated a less favorable prognosis.'* For 
natural reasons, the antiproliferative effect of DIF could only 
be significantly evaluated on AML cells with a relatively 
high plating efficiency. Therefore, the patient material inves- 
tigated became selected to include patients with a less 
favorable prognosis preferentially. On the other hand, in 
such cases with high plating efficiency one can be confident 
that the majority of clonogenic cells really represents leu- 
kemic and not normal cells. 

The growth inhibitory effect on normal CFU-GM sug- 
gests that DIF may be involved in a physiological regulation 
of hemopoiesis. It is important to determine if DIF also has 
effects on multipotent (mixed) progenitors (CFU-GEMM), 
especially if DIF is considered as a treatment in leukemia. 
Assaying the effects of DIF on multipotent progenitors was 
difficult, however, because daughter cells of such cells are 
CFU-GM, which are susceptible to the growth inhibitory 
effects of DIF 

As far as we can judge, DIF is not identical with previously 
described lymphokines. Interferons affect many cell func- 
tions in addition to their inhibitory action on virus replica- 
tion. Among these effects are proliferation inhibitory effects 
on hemopoietic cells in vitro? and differentiation-inducing 
effects on leukemic cells.??! An identity between DIF and 
y-IFN was ruled out, however, because a neutralizing anti- 
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body to y-IFN did not interfere with the proliferation 
inhibitory effect of DIF. Furthermore, in contrast to DIF, 
recombinant y-IFN did not induce differentiation of wild- 
type HL-60 judged by lack of production of NBT-positive 
cells Whether DIF is a unique differentiation and cytotoxic 
protein produced by lymphocytes or is related to the family 
of polypeptides called lymphotoxins remains to be investi- 
gated.” 

That both the differentiation and the antiproliferative 
effects are exhibited by the same polypeptide(s) is strongly 
suggested since both activities cochromatographed during all 
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purification steps. Furthermore, the yield of both activities 
from various purification procedures was similar (data not 
shown). A purification to homogeneity has not been 
achieved, however, and it has not been shown that completely 
purified DIF displays both activities. 

Constitutive production of DIF by the HUT-102 line is a 
valuable source for large-scale production and for isolation 
and cloning of the gene that codes for DIF. An agent like 
DIF that can both inhibit self-renewal and induce differen- 
tiation of some leukemic cells is of potential utility in the 
treatment of leukemia. 
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Human Gamma Interferon Enhances Release From 
Phytohemagglutinin-Stimulated T4* Lymphocytes of Activities That Stimulate 
Colony Formation by Granulocyte-Macrophage, Erythroid, and 
Multipotential Progenitor Cells 


By Wanda Piacibello, Li Lu, Douglas Williams, Massimo Aglietta, Berish Y. Rubin, Scott Cooper, 
Maria Wachter, Felice Gavosto, and Hal E. Broxmeyer 


Human gamma interferon (HulFN'y) was evaluated for its 
effects on the release from human peripheral blood T 
lymphocytes (>98% pure) stimulated by phytohemagglu- 
tinin (PHA) of activities that can stimulate granolocyte- 
macrophage (CFU-GM) colonies and clusters, erythroid 
(BFU-E) bursts, and mixed (CFU-GEMM) colonies. T lym- 
phocytes did not release these activities in the absence of 
PHA with or without HulFN'y. In the presence of PHA, pure 
natural HulFN'Y at concentrations of 0.1 to 100 U/mL 
significantly enhanced release of these colony-stimulating 
activities. Although enhanced release of granulocyte- 
macrophage colony-stimulating activities vere noted when 
T lymphocytes were added to the conditioning medium in 
the presence of 0.1%, 0.5%, and 1% PHA, enhanced 
release of burst-promoting and mixed colony activities was 
seen only in the presence of 0.1% and 0.5% PHA. The 
enhanced release of colony-stimulating activities vvas not 
due to HulFNy-suppression of the release from PHA- 
stimulated T lymphocytes of suppressor molecules. The 
enhancing effects of natural HulFN'y were neutralized with 


EMATOPOIETIC progenitor cells require the pres- 
ence of specific growth factors for their proliferation 
and differentiation in vitro. * Granulocyte-macrophage pro- 
genitor cells (CFU-GM) require the action of granulocyte 
macrophage (GM) colony-stimulating factor (CSF) for their 
proliferation and differentiation; primitive erythroid pro- 
genitors, the burst-forming units (BFU-E) are dependent on 
burst-promoting activity (BPA) for early growth in erythro- 
poietin-supplemented cultures; and multipotential progeni- 
tors (CFU-GEMM ) require multi-CSF or interleukin-3 
(IL-3) in addition to erythropoietin. 

GM-CSF, BPA, and multi-CSF (IL-3) are produced by 
various cell types and by interactions between these cells. 
Cell types implicated in the production/release of these 
factors include monocytes, macrophages, T lymphocytes, 
endothelial cells, fibroblasts, and other cells.>* Purified 
populations of T lymphocytes are capable of releasing these 


a monoclonal anti-natural HulFNy, and recombinant 
HulFN'y mimicked the enhancing effects of the natural 
HulFNy. This enhancing effect was noted only when 
HulFN7y was added with the T lymphocytes and PHA during 
the first 24 hours of incubation. T lymphocytes were 
separated into T4*, T87, T8*, and T4" subsets (79896 pure 
for the appropriate phenotypes) after incubation with 
OKT4- and OKT8' monoclonal antibodies and sorting on a 
fluorescence-activated cell sorter (FACS). All types of 
colony-stimulating activities were released from each pop- 
ulation after stimulation with PHA, but enhanced release of 
these activities in the presence of HulFNy was only 
detected with the T4* or T8^ subsets of lymphocytes. It 
cannot be concluded from these studies whether HulFN7 is 
enhancing the release of one or several types of colony- 
stimulating activities, but these studies suggest a role for 
HulFNy and T4* lymphocyte subsets in the regulation in 
vitro of the release of colony-stimulating activities. 

e 1986 by Grune & Stratton, Inc. 


forms of CSF when cells are activated by mitogens or 
antigens, and both T4* and T8* lymphocyte subsets 
produce GM-CSF and BPA.” 

Interferons are a family of inducible secretory proteins 
usually produced by cells in response to viruses and other 
stimuli?" The interferons have been demonstrated to have 
multiple functions, including the capacity to suppress colony 
formation by hematopoietic progenitor cells, 7? to induce 
protein synthesis," and the expression of major histocom- 
patibility (MHC) class II antigens on cells,” to make cells 
responsive to the suppressive effects of other molecules, 66*" 
and to enhance the release of GM-CSF from mono- 
cytes, 04849 

In this study, we investigated the effect of HuIFNy on the 
capability of highly purified T lymphocytes and their subsets 
to release GM-CSF, BPA, and multi-CSF type activities 
when stimulated with phytohemagglutinin (PHA). 
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MATERIALS AND METHODS : 


Specimen collection. Peripheral blood and bone marrow cells 
were collected in preservative-free heparin from healthy volunteers 
after they gave their informed consent. 

Cell separation procedure. ntact mononuclear blood cell sus- 
pensions were separated by density-gradient centrifugation on 
Ficoll-Hypaque (Pharmacia Fine Chemicals, Piscataway, NJ). 
Monocytes were removed by adherence to plastic dishes. Nonadher- 
ent cells were collected by gently swirling the dishes and slowly 
pipetting off the medium. To enrich for T lymphocytes, nonadherent 
mononuclear cells were rosetted with neuraminidase-treated sheep 
red blood cells (SRBC)."° Rosettes were separated by centrifugation 
on Ficoll Hypaque, and T cells were recovered by red cell lysis with 
ammonium chloride, pH 7.2. This fraction contained <1% mono- 
cytes (as detected by nonspecific esterase staining) and >98% T 
cells, as determined by fluorescence-activated cell sorter (FACS) 
analysis using the OKT1la (anti-sheep erythrocyte) pan-T cell 
antibody or the OKT3 pan-T cell antibody (Ortho Diagnostic, 
Raritan, NJ) T cell subsets were purified from low-density nonad- 
herent E rosetting cells (E* cells) under sterile conditions by a 
FACS IV or FACS 440 (Becton Dickinson, Sunnyvale CA), as 
described previously for other antibodies," using the murine mono- 
clonal antibodies OKT4 and OKT8 (Ortho Diagnostics). Cells from 
the T cell-enriched suspensions were incubated in 0 5 mL of RPMI 
culture medium (GIBCO, Grand Island, NY) + 15% fetal bovine 
serum (FBS) (Hyclone, Logan, UT) containing OKT4 and OKT8 at 
final dilutions of 1:100 for 40 minutes at 4°C. The cells were washed 
twice with ice-cold medium and then incubated with fluorescein- 
labeled rabbit antimurine IgG F(ab’), fragments (Cappel Laborato- 
ries, Westchester, PA) for 30 minutes on 1ce. After three washes, the 
cells were suspended in phosphate-buffered saline (PBS) + 1% FBS 
at concentrations of ~3 x 10°/mL. They were then sorted with a 
FACS under sterile conditions into two lymphocyte subpopulations. 
those binding the monoclonal antibody (T4* or T8*) and those 
failing to do so (T4^ and T87) At the end of the separation run, a 
sample of each isolated subpopulation of cells was analyzed on the 
FACS to determine the percentage of cells falling within the original 
respective sorting gates The T4* fraction contained >98% positive 
cells; the T4~ fraction contained <0 5% positive cells. The T8* and 
T8- fraction contained >98% and <1% positive cells, respectively 
Viability (assessed by Trypan Blue dye exclusion) was always >95% 
following sorting 

Preparation of conditioned medium (CM) to be assessed for 
release of GM-CSF and BPA Intact T lymphocyte preparations, 
isolated as described above, were suspended in Iscove’s Modified 
Dulbecco’s Medium (IMDM) containing 10% FBS at a concentra- 
tion of 1 x 10°/mL with 0.1% to 1.0% PHA (PHA H15 Wellcome, 
Beckenham, England) with and without indomethacin 1075mol/L 
(Sigma Chemical Co, St Louis) and in the absence or presence of 
varying concentrations of natural (2 x 10’ NIH reference units per 
milligram) or recombinant (~5 x 10° U/mg) HuIFNy The natural 
HulIFNy was produced by stimulation of human peripheral blood 
leukocytes with Staphylococcus enterotoxin A, and recombinant 
HulFNy was a generous gift from Dr H Michael Shepard, Genen- 
tech, San Francisco. Unless otherwise noted, the natural HulFNy 
was used. The suspensions were cultured at 37 °C in a humidified 
atmosphere with 5% CO, in air for 5 days, this period having been 
previously determined to be optimal for release of colony-stimulating 
activities. The cell-free supernatant media were then harvested and 
kept frozen until assayed for GM-CSF, BPA, and multi-CSF type 
activities. Sorted T4*, T4^, T8*, and T8- cells were subjected to the 
same procedure Indomethacin was used in some of the experiments 
to prevent the possible endogenous production of prostaglandins 
because E-type prostaglandins suppress colony formation by CFU- 
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GM” and enhance colony formation by BFU-E.*! To neutralize the 
activity of the natural HuIFNy during the conditioning medium 
period, or to neutralize the carry-over effects of HulFNy into the 
target assay, the natural HuIFNy or the CM containing or not 
containing HuIFN'y were preincubated with monoclonal antibody 
against natural HuIFNy?! for 90 minutes at room temperature prior 
to assay. 

Preparation of bone marrow cells Mononuclear cells were 
separated on Ficoll-Hypaque gradients, washed three times, and 
resuspended in IMDM with 10% FBS. In some experiments, T 
lymphocytes and monocytes were removed from bone marrow 
preparations by incubation for 90 minutes at 37 °C in plastic dishes 
and subsequent E rosetting of nonadherent cells. In these prepara- 
tions, monocytes were <1% and T cells were <0.5% of the cell 
populations 

Colony-stimulating activity assays. GM-CSF was quantified in 
agar and BPA and multi-CSF were quantitated in methylcellulose 
cultures as described elsewhere. For assay of CFU-GM, bone 
marrow cells were plated in triplicate at 1 x 10? low-density 
cells/mL or 3 x 10* nonadherent low-density T lymphocyte- 
depleted cells/mL 1n 35-mm Petri culture dishes containing a 1-mL 
mixture of IMDM, 10% FBS, 0.3% agar, and 10% (vol/vol) of the 
cell-free supernatant medium to be tested for GM-CSF, as the sole 
source of exogenously added GM-CSF. In some cases, T lympho- 
cyte-CM was assessed in the presence of 5637 CM. When bone 
Marrow target cells were devoid of accessory cells potentially 
producing GM-CSF during the assay, no colony or cluster formation 
was observed without the addition of lymphocyte CM or 5637 CM 
When intact mononuclear bone marrow cells were used, only a few 
small aggregates composed of three to ten cells were observed 
without exogenously added CSF. Cultures were incubated for 10 
days at 37°C in a humidified atmosphere of 5% CO, in air or at 
lowered (5%) O, tension (Oxyreducer, Reming Bioinstruments, 
Syracuse, NY). Results are expressed mainly as colonies plus 
clusters, since this is a more accurate estimation of the actual 
number of progenitor cells stimulated than is the number of colonies 
alone? but, as described in the text, results for colontes were similar 
to those noted for colonies plus clusters. For colony morphology, agar 
cultures were overlaid with 1 mL of 0.5% glutaraldehyde (Sigma) in 
0.1 mol/L of phosphate buffer After 6 minutes, glutaraldehyde was 
removed, and 2 mL of absolute methanol was added to the plates. 
After the methanol evaporated (12 to 18 hours) the fixed cultures 
were submerged in distilled water After rehydration, the agar 
pellicles were floated onto clean glass slides and allowed to dry For 
identification of granulocytes and monocytes/ macrophages, colonies 
were stained for 45 minutes with a-naphthyl acetate esterase (Sigma 
Kit No. 90-A1) and counterstained with Mayer's hemotoxylin for 10 
minutes. Slides were washed, dried at room temperature, mounted 
(Permount, Fisher, St Louis), and scored at 400x. Monocytes/ 
macrophages were counted based on their morphology and the 
characteristic black cytoplasmic granulation Staining for pure and 
mixed eosinophil colonies was done as described by others? using 
Luxol's Fast Blue and Harris' hematoxylin. 

For assay of BFU-E, 1 x 10° low-density or 5 x 10* nonadherent, 
low-density, T lymphocyte-depleted bone marrow cells were plated, 
unless otherwise noted, in 35-mm Lux standard tissue culture dishes 
containing a 1-mL mixture of IMDM, 0 8% methylcellulose, 30% 
FBS, 5 x 107? mol/L of 2 mercaptoethanol, and 1 U of erythropoie- 
tin (Hyclone, Logan, UT, or Toyoba, NY) The assay for CFU- 
GEMM was similar to that for BFU-E except that 0.1 mmol/L of 
hemin (Eastman Kodak Co, Rochester, NY) was added to these 
cultures.5 In some cases, 5637 CM was added as a source of BPA or 
multi-CSF activities. Dishes were incubated at 37 °C in a humidified 
atmosphere flushed with 5% CO, in air or at lowered (5%) O, 
tension?! Colonies were scored with an inverted microscope after 13 
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to 15 days of incubation Colonies consisting of more than three 
erythroid clusters or composed of >500 cells were counted as 
BFU-E. CFU-GEMM contained granulocytes, erythrocytes, macro- 
phages, and sometimes magakaryocytes. BFU-E-1 colonies were 
scored on the same plates as CFU-GEMM. Colonies derived from 
BFU-E-1 were much larger than those derived from BFUE-2, and 
BFU-E-1 may represent a more immature progenitor than BFU- 
E-2. 

Three plates were scored for each test point, and results are 
expressed as the mean +SD. The probability of significant differ- 
ences between samples was determined with Student's t test. 


RESULTS 


Effect of HuIFNy on release of activities from PHA- 
stimulated human T lymphocytes that stimulate GM, ery- 
throid, and mixed colonies. Pure natural HuIFN», at 
concentrations of 0.1, 1, 10, and 100 U/mL, was assessed for 
its capacity to influence the release of colony-stimulating 
activities into culture medium conditioned by 10$ nonadher- 
ent low-density, E rosette* T lymphocytes per milliliter in 
the presence of PHA for 5 days. The CM was preincubated 
with double the amount of HuIFNy neutralizing units (in 
monoclonal antinatural HuIFN») as the amount of HuIFNy 
added with the T lymphocytes, prior to assaying the CM on 
10° low-density normal human bone marrow cells. This was 


done to prevent the HuIFNy present in the CM from > 


influencing colony and cluster formation. In the absence of 
PHA and HuIFN», in the presence of HuIFNy and absence 
of PHA, and in the absence or presence of monoclonal 
antinatural HuIFN»y (up to 200 neutralizing units), the T 
lymphocytes released no detectable colony-stimulating activ- 
ities for CFU-GM, BFU-E, or CFU-GEMM. CM prepared 


with cells and PHA, in the absence of HuIFNy, was i 


preincubated with up to 200 neutralizing units of HuIFNy, 
prior to assay Control CM preincubated with monoclonal 
antinatural HuIFNy (up to 200 neutralizing units) had the 
same amount of stimulating activity for GM colony and 
cluster, erythroid burst, and mixed colony formation as did 
control CM not preincubated with antibodies (+8% + 12% 
nonsignificant change from control CM not preincubated 
with antibodies). In preliminary experiments, medium condi- 
tioned by T lymphocytes in the presence of 1% PHA and in 
the absence of HuIFNy (= control) when assayed at 10% 
vol/vol, stimulated 91 to 217 GM colonies and clusters and 
48 to 74 erythroid bursts (ten experiments). In these ten 
experiments, HuIFNy enhanced the release from T lympho- 
cytes of activities that stimulated granulocyte and macro- 
phage colonies and clusters (+29% + 15%, +53% + 8%, 
+77% + 16%, and +79% + 22%, respectively with 0.1, 1, 10, 
and 100 U HulFN7) but not the release of activities that 
stimulated erythroid bursts (+5% + 7%, +1% + 296, +2% + 
9%, —4% + 5%, and -- 1096, respectively with 0.1, 1, 10, and 
100 U of HuIFNy). When the HuIFNy-enhancing effects 
on GM-CSF release were evaluated for stimulation of colo- 
nies, the results noted were similar to those for stimulation of 
colonies plus clusters. In one representative experiment of 
three, medium conditioned by T lymphocytes in the presence 
of PHA stimulated 91 + 7 colonies and 156 + 16 colonies 
plus clusters. HuIFNy, at concentrations of 0.1, 1, and 10 U 
added to cells with PHA, induced release of GM-CSF that 


1341 


stimulated 127 + 8 (+39% of control, P < .05), 142 + 3 
(+56%, P < .025), and 167 + 7 (+86%, P < .0025) colonies, 
respectively, and 228 + 9 (+46% of control, P < .005), 240 + 
6 (+53%, P < .005) and 282 + 6 (+83%, P < .00025) 
colonies plus clusters. When nonadherent, low-density T 
lymphocyte-depleted marrows were used instead of low- 
density marrows as targets for the CM, the results did not 
change. In three experiments, HuIFNy at concentrations of 
0.1, 1, 10 U enhanced release of GM-CSF, respectively, by 
53% + 4% (P < .025), 75% + 6% (P < .005), and 90% + 3% 
(P < .0025) when nonadherent low-density T lymphocyte, 
target marrows were used These same concentrations of 
HuIFNy did not significantly influence release of BPA 
(44% + 3%, —2% + 2%, and +5% + 4% of values obtained 
with CM prepared with PHA in the absence of HuIFN»). 

When T lymphocytes were allowed to condition medium in 
the presence of either 0.1%, 0.5%, or 1.0% PHA in the 
absence and presence of 1 and 10 U of natural HuIFNy, 
however, it became apparent that HulFNy enhanced the 
release of activities for granulocyte and macrophage colonies 
and/or clusters, erythroid bursts, and mixed colonies (Tables 
1 and 2). HuIFNy enhanced release of GM colony-stimulat- 
ing activities from T lymphocytes in the presence of 0.1% to 
1.0% PHA; however, the enhancement of the release of 
burst-promoting and mixed colony activities from T lympho- 
cytes was only detected when these cells were stimulated 
with 0.1% to 0.5% PHA (Tables 1 and 2). Results were 
essentially the same whether the CM was prepared in the 
absence or presence of 1075 mol/L of indomethacin or 
assessed at 2.5%, 5.0%, or 10.0% vol/vol (Table 2). The 
enhanced release of GM colony-stimulating activities did not 
influence the type of the colonies formed (n = two experi- 
ments). Thus, T lymphocytes stimulated with 0.1%, 0.5%, or 
1.0% PHA in the absence of HulFNy stimulated colonies of 
granulocytes, macrophages, granulocytes plus macrophages 
(using a-naphthyl acetate esterase plus Mayer's hematoxy- 
lin), and pure/mixed eosinophils (using Luxol Fast Blue). 
The percentage of colony types were, respectively, 31% to 
40%, 28% to 40%, 26% to 32%, and 15% to 22%. T 
lymphocytes in the presence of 0.1% to 1.0% PHA with 10 U 
of HuIFNy/mL released activities that stimulated the same 
percentage of colonies, respectively, in the ranges of 34% to 
46%, 25% to 32%, 26% to 35%, and 14% to 28%. 

The enhancing effect of HuIFNy on release of GM-CSF 
from PHA-stimulated T lymphocytes is due to the HuIFNy 
itself, as substantiated by the data in Table 3, which demon- 
strate that recombinant HuIFNy mimics the effects of pure 
natural HuIFNy (one representative experiment of three is 
shown) and by the data in Table 4, which demonstrate that 
monoclonal antinatural HuIFNy neutralizes the enhancing 
activity of pure natural HuIFNy (one representative experi- 
ment of three is shown). 

Timed addition of HuIFNy to medium being conditioned 
by T lymphocytes in the presence of PHA demonstrated that 
the enhancement of release of GM-CSF was apparent if the 
HulFNy was added at the start of the conditioning medium 
procedure or after 1 day, but not if the HuIFNy was added 
after 2, 3, or 4 days (Table 5). 

All the above results were consistent with enhanced 
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Table 1. Influence of Different Concentrations of HulFN7 on Release of GM-CSF, Erythroid BPA, 
and Multi-CSF by T Lymphocytes Stimulated by Varying Concentrations of PHA 





Preparation of CM 


CFU-GM 





CFU-GM BFU-E-2 BFU-E-1 CFU-GEMM 

by T Lymphocytes Colonies Colonies and Clusters Colonies Colonies Colonies 
No CM 0 0 175 25 *6 (0) 
0.196 PHA + control medium 19 * 5 66 + 15 49 x4 4345 1+0 
0.1% PHA + 1U HulFNy/mL 42 + 3(+ 121)*ł 103 + 8(+56)+ 63 + 4(+29)+ 66 + 9(+53)t 2 + O(+100)+ 
0.1% PHA + 10U HulFN-y/mL 60 + 6(+216)+ 117 x 10(+77)+ 89 + 2(-82) 78 + 2(+81)t 2.5 + 0 7(+150)+ 
0 5% PHA + control medium 7122 88 + 6 62 +8 59+8 35+07 
0.5% PHA + 1U HulFN-y/mL. 91 + 8(+28)t 109 + 4(+24)+ 81 + 3(431)t¢ 94 + 13(+59)+ 10 + 1 4(+186)+ 
0.5% PHA + 10 U HulFNy/mL 100 x 10(+41)+ 136 + 11(+55)+¢ 92 + 4(+48)+ 82 + 16(+39)t 11 + 1 4(4+214)+ 
1.0% PHA + control medium 77*5 117 +4 85-45 77 2 1 10 + 1.4 
1096 PHA -- 1U HulFN-y/mL 96 + 4(-25)f 154 x 16(4+32)+ 80 + 9(—6) 70 + 1(-9) 11.5 x 2.1(-- 15) 
1096 PHA -- 10U HulFNy/mL 103 x 2(4-34 154 + 26(+32)+ 82 + 6(—4) 77 + 9(0) 9 + 2 8(—10) 





HulFN^y, human natural interferon Y: GM-CSF, granulocyte-macropha 
colony-stimulating factor; PHA, phytohemagglutinin; CM, conditioned 


ge colony-stimulating factor; BPA, burst-promoting activity; Multi-CSF, mixed 
medium; IMDM, Iscove's modified Dulbecco's medium, FBS, fetal bovine 


serum 


One million T lymphocytes per milliliter were incubated in IMDM plus 10% FBS, 1079 mol/L of indomethacin and varying concentrations of PHA in the 
absence or presence of 1 or 10 U of HulFN-y. CM was collected after 5 days and incubated with twice the amount of neutralizing units as the amount of 
HulFN^y added to cells CM CM was assayed at 10% vol/vol Colonies grown from BFU-E-2 were plated in the presence of 1 U of erythropoietin 
{Epo)/mL, and colonies grown from BFU-E-1 and CFU-GEMM were plated in the presence of 1 U of Epo plus O.1 mmol/L of hemin. The results shown 


are for one of three representative experiments assayed against 4 x 104 


nonadherent low-density T lymphocyte-depleted bone marrow cells. 


*Numbers in parentheses represent the Percentage of change from CM prepared in the presence of control (McCoy's) medium. 


Significant percentage of change, P < .005 
Significant percentage of change, P < O5. 


release of colony-stimulating activities by PHA-stimulated T 
lymphocytes in the presence of HuIFN». It was also possible 
that HuIFN« was suppressing the release from PHA- 
stimulated T lymphocytes of a suppressor molecule or mole- 
cules, however. To evaluate this possibility, medium condi- 
tioned by T lymphocytes, in the presence of 0.1%, 0.5%, or 
1.076 PHA 1n the absence of HuIFNy, or in the presence of 
1.0% PHA and 10 U of HulFNy, was assessed for its effects 
on colony formation from marrow CFU-GM stimulated 
maximally with 10% vol/vol of medium conditioned by the 


5637 cell line (Table 6). The T lymphocyte CM had no effect ; 


on the 5637 CM stimulation of colony formation (Table 6) or 
on colony and cluster formation (data not shown). In one 
experiment, 5637 CM stimulated 145 + 8 erythroid bursts 
and 10 + 2 mixed colonies, and medium conditioned by T 
lymphocytes in the presence of 1.0% PHA when added with 
5637 CM stimulated 154 + 6 erythroid bursts and 12 + 3 
mixed colonies. These results demonstrate that HuI FNy was 
not suppressing the release of suppressor molecules from 
PHA-stimulated T lymphocytes. 

Effect of HulF Ny on release of colony-stimulating activi- 
ties from PHA-stimulated subsets of human T lympho- 


Table 2. Influence of Conditioned Media Prepared From T Lymphocytes in the Absence and Presence of Varying Concentrations of 
HulFN'y and PHA on Colony Formation by CFU-GM, BFU-E, and CFU-GEMM Progenitor Cells 





TLymphocyte- 
Conditioned 
Culture Medium 


Percentage of Change in Colonies Stimulated by CM Prepared in the 
Presence of HulFN-y When CM was Assayed at Different Concentrations 











in the Presence of CFU-GM BFU-E CFU-GEMM 

PHA (96)  HulFNy (U) 1096 vol/vol 596 vol/vol 2.596 vol/vol 10% vol/vol 5% vol/vol 2 5% vol/vol 10% vol/vol 5% vol/vol 
0.1 1 +145 + 80" +110 + 79* —t +30 + 12* +36 + 10* +42 -25* 4:120 + 28* =f 
0.1 10 +221 + 90* +232 + 63* e +57 +21* +66+17* .-68 « 18* +210 «66* -—f 
0.5 1 +38 + 22* +59+20* +99 -27* 438421* +37 + 20# +44 + 8* +120+57* +92 + 50* 
05 10 +52 x 18* +69 x 17* +139 +79* +40 +23* 438 x 19* +68 + 30* +105+60* +100 x 49* 
1.0 1 +27 + 10* +36 + 3* +54 + 13* +1+8 +1 +10 4-14 + 12 +12 + 20 —-5+7 
10 10 +47 + 12* +60 + 14* 474+ 11* +8 + 12 +6 +9 +6 +6 +8 + 34 T2 + 16 





Abbreviations as in Table 1 

Conditioned medium was prepared as described in the Materials and Methods section prior to assay against 3 x 10* to 5 x 10* nonadherent 
low-density T lymphocyte-depleted human bone marrow cells Results are expressed as mean + SD of the percentage of change from control medium 
prepared in the absence of HulFNy from three different normal donors assayed on a total of three different normal marrows. Each CM was prepared in the 
absence and presence of 107? mol/L of indomethacin Results were the same with and without indomethacin, and the data for these were averaged. 
BFU-E assays were set up with 1 U of erythropoietin + 0.1 mmol/L of hemin. The results for these cultures were similar and were averaged. Control 
numbers of colonies for CFU-GM, BFU-E, and CFU-GEMM ranged respectively from 22 to 77, 22 to 94, and 2 to 14 with PHA T lymphocyte CM 
prepared tn the absence of HulFNy. 

*P at least <.05 

TColony numbers too low to evaluate. 
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Table 3. Comparative Effects of Natural and 
Recombinant HulFN'y on Release of GM-CSA From 
PHA-Stimulated T Lymphocytes 











T Lymphocyte- 

Eine ween the Heleess or GNECST 

Presence of PHA and Colonies x 1 SD 96 At 
Control medium 91+ 10 
0.1 U natural HulFNy 127 + 11 +40t 
O 1 U recombinant HulFNy 133 + 11 -46f 
1 U natural HulFN-y 148 +4 4-638 
1 U recombinant HulFNy 15229 4678 
10 U natural HulFN 185 +5 +103]| 
10 U recombinant HulFNy 174411 491] 





Abbreviations as in Table 1. 

Medium conditioned by 10° E rosette* T lymphocytes was assayed on 
105 low-density human bone marrow cells as described in Materials and 
Methods. 

*Percentage of change (96A) from control medium 

TSignificant percentage of change, P < .05. 

£P < .005. 

SP < 0025 

|P < .0005 


cytes. Nonadherent, low-density, E rosette* T lymphocytes 
were separated by FACS using OKT4 and OKT8 mono- 
clonal antibodies into T4*, T4^, T8*, and T87 subsets of T 
lymphocytes. In all experiments, the population of E* cells 
was found to contain >98% OKT11* (or OKT3*) cells, 
55% + 10% OKT4* and 27% + 8% OKTS* cells. After 
being sorted, the positive fractions contained >98% of cells 
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Table 4. Monoclonal Anti-HulFNy Neutralizes HulFNY 
Enhancement of the Release of GM-CSF From 
PHA-Stimulated T Lymphocytes 








Tna Meam into = Memes MO 
Presence of PHA and Colonies and Clusters 96^ 
Control medium 68 +5 
10 U HulFNy 1107 +62* 
10 U HuIFNy plus 20 neutralizing 
U ma HulFNy 74 € 3 +9 
20 Neutralizing U mæ HulFNy 75+4 +10 





ma, monoclonal antibody, other abbreviations as in Table 1 

Colonies and clusters from 10? low-density human bone marrow cells 
formed in the presence of PHA-stimulated E rosette* cell-conditioned 
medium. Control medium McCoy's medium 

*Significant percentage of change (96A) from control CM, P < .0025; 
other changes are not significant, P > 05. 


positive for that marker, whereas the negative cells were 
contaminated with <1% of the other cell type. In preliminary 
experiments, the monoclonal antibody dilution (1:100) used 
to label the E* cells had no effect on HuIFN--induced 
release of colony-stimulating activities from PHA-stimu- 
lated cells. Thus, cells pretreated with control (McCoy's) 
medium, OKT4 (1:100 dilution) or OKT8 (1:100 dilution) 
antibodies responded to 1 U of HuIFN» with significantly 
enhanced release of GM-CSF with respective values of 
+47% + 4%, +47% + 6%, and +38% + 7%. Ten units of 
HulFNy caused significant increases in GM-CSF release of 
69% + 4%, 71% + 5%, and 50% + 5%, respectively As 


Table 5. Release of GM-CSF From PHA-Stimulated T Lymphocytes With Addition of HuIFN'y at Different Time Intervals 


Day of Addition 
of Control 
Medium or HulFN'y 


T Lymphocyte-Conditioned 
Culture Medium in the 
Presence of PHA and 





Control medium 0 
1 U HulFNy 
10 U HulFNy 


Control medium 1 
1 U HulFNYy 
10 U HulFNy 


Control medium 2 
1 U HulFNy 
10 U HulFNy 


Control medium 3 
1 U HulFNy 
10 U HulFNy 


Control medium 4 
1U HulFNy 
10 U HulFNY 





Abbreviations as in Table 1. 


Colonies and 

Clusters (96A)* 96A 

(1 Representative Exp ) (Average of 3 Exp ) 

147 + 14 
209 + 13 +42ł +45 + 4$ 
250 + 19 +70t +78 + 3§ 
151 + 12 
199 + 15 +32|| +37 + 5t 
196 + 8 +301 +28 + 4| 
171 + 14 
178 + 22 +4 +542 
181+ 18 +6 +743 
181 x 18 
172 + 26 —5 —4 +3 
174 + 16 —4 -7+6 
159+5 
165 x 12 +4 12-45 
17123 +8 +644 


CM was prepared as described in legend to Fig 1, with PHA added on day O, except that control medium or HulFN, was added to the cell suspensions 


on day O, 1, 2, 3, or 4. The CM was collected on the fifth day of incubation 


*Percentage of change (%A) from control medium added on the specified day. 


iP « 005. 

£P < .0025. 

§P « .0005. 

[Significant 96A, P < 05. 
TP « .01 
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Table 6. Influence of PHA-Stimulated T Lymphocyte-CM on Colony Formation by CFU-GM Stimulated by 5637 CM 





In the Presence of T Lymphocyte CM Colonies (Day 10 CFU-GM) 








x 1079 mol/L Exp 1 Exp 2 Exp. 3 
PHA (96) +10 U HulFNy Indomethacin + Control Medium + Ant-HulFN-y + Control Medium + Antr-HulFNy + Control Medium + Anti-HulFN-y 
No CM — — 62 +8 60 +3 84 +6 — 75 £6 — 
01 - — 60 + 14 66 +6 — — — — 
0.1 - + 70 x1 6345 — — — — 
0.5 — - 61+3 63 +5 — — — — 
0.5 — + 59+6 59 +1 — — — — 
1.0 — — 76+7 70 +1 — — — — 
10 — t 59 x2 60+8 — — — — 
1.0 - + — — 77+4 83 +5 79 +3 69+8 
1.0 + + — — 80+9 87 +11 70+6 81+ 10 








Abbreviations as in Table 1 

Medium was conditioned by 10° T lymphocytes/mL tn the presence of PHA and in the absence and presence of 10 U of natural HulFNy/mL and 107° 
mol/L of indomethacin. PHA-T lymphocyte CM was then preincubated in the absence and presence of 20 neutralizing U of monoclonal antinatural 
HulFNy for 1% hours at room temperature and assessed at 1096 vol/vol for its effect on colony formation by 4 x 10^ nonadherent low-density 
T lymphocyte-depleted bone marrow cells stimulated by 10% vol/vol 5637 CM PHA-T lymphocyte-CM did not significantly influence colony formation 
stimulated by 5637 CM 


shown in Table 7, 10 U of HulIFNy/mL significantly 
enhanced release of activities from T4* and T8- cells that 
stimulated GM colony, erythroid burst, and mixed colony 
formation, but did not enhance release of these activities 
from the T8* or T4- cells. Similar to the results shown in 
Tables 1 and 2, enhanced GM activity was released in the 
presence of 0.1%, 0.5%, and 1.0% PHA, but enhanced release 


of erythroid burst and mixed colony activities was noted only 
in the presence of 0.1% and 0.5% PHA (Table T). 


DISCUSSION 


Lymphocytes play a role in the regulation of myelopoiesis 
in vitro! 2/525 and may be involved in myelopoietic regula- 
tion in vivo. We have confirmed that T lymphocytes in the 


Table 7. Influence of HulFNy on Release of GM-CSF, BPA, and Multi-CSF from PHA-Stimulated Subsets of 


T Lymphocytes Isolated by FACS 
T Lymphocyte Subset CM in the Presence of 


PHA + 10 U HulFNy/mL CFU-GM BFU-E CFU-GEMM 
A: Representative experiment expressed as colonies with 964 from control medium (in parentheses) 
No CM o 42 +1 0 
T4* (O 196 PHA + control medium) 15-22 83 € 7 0520.7 
T4* (0.1% PHA + HulFNy) 26 + 3 (4-73)* 150 + 2 (+81)* 6 + 1(+1,100)* 
T4* (O 5% PHA + control medium) 27+2 88+7 2+1 
T4* (0 5% PHA + HulFNy) 48 x 7 (--78)* 131 + 13 (+49)* 8 + 1(+300)* 
T8* (0.1% PHA + control medium) 17+3 81+ 10 0.5+07 
T8* (0 1% PHA + HulFNy) 15 + 2(—12) 79 + 6 (—2) 05 +07 (0) 
T8* (0.5% PHA + control medium) 26+4 80 + 11 1+1 
T8* (0.5% PHA + HulFNy) 27 + 5 (44) 73 + 7 (—9) 1 + 1 (0) 
B: All experiments expressed as %A in colonies and clusters stimulated by CM prepared in the presence of HulFN-y 
T4* (O 196 PHA) +81 + 9* +96 + 32+ +800 + 265+ 
T4* (0 5% PHA) +83 + 6* +64 + 21ł +450 + 212+ 
T4* (1.0% PHA) +59 + 22+ +11 + 10t ND 
T8" (1 0% PHA) +63 + 14* +17 + 15f ND 
T8* (0.1% PHA) —6 + 8f -7 +6 +547 
T8* (0 5% PHA) +2 + 3t —10 + tf —4 +6 
T8* (1.0% PHA) +3 + 9f +8 + 4} ND 
T4 (1.0% PHA) +18 x 16t +19 + 15t ND 





CM from 0 5 to 1.0 x 10° T cell subsets was prepared as described in the Materials and 


neutralizing U of monoclonal HulFN7 prior to assay against 3 to 5 x 10^ nonadherent low- 
expressed as mean + SD. For part B, results for CM prepared with 0.1% and 0.5% PH 


different marrows; results for CM prepared with 1.0% PHA were from four Sorting expe 
numbers of CFU-GM colonies and clusters, BFU-E colonies, and CFU-GEMM colonies ran 
phytohemagglutinin (PHA) T lymphocyte subset-stimulated CM prepared in the absence 


*Significant % A from control, P < .0025. 
tSignificant 96A from control, P < .005. 
Not significant, P > .05. 





Methods section and incubated prior to assay with 20 
density T lymphocyte-depleted bone marrow cells Results are 
A were from two sorting experiments, each assayed on two 
riments assayed on a total of four different marrows Control 
ged from 20 to 127, 47 to 88, and O.5 to 2, respectively, with 
of HulFN-y. 


HulFN y AND T4* LYMPHOCYTES 


absence of other cell types, or ın the presence of very small 
numbers of other cell types, do not release GM-CSF, BPA, 
or multi-CSF activities unless the T lymphocytes are stimu- 
lated by an agent such as PHA. Both the T4 antigen* and T8 
antigen* lymphocyte subsets released these activities in the 
presence of PHA. 

Many functions have been identified for HuIFN»y in vitro; 
to this list ıs now added the enhancement of release of 
GM-CSF, BPA, and multi-CSF activities from T4 antigen*, 
but not from T8 antigen, lymphocyte subsets. That it is 
HulFNy itself that is enhancing release of these activities is 
substantiated by the use of pure natural HuIFNw, neutrali- 
zation of the GM-CSF enhancing effects of pure natural 
HulFNy with a monoclonal antibody that recognizes natural 
HulFNy, and duplication of this enhancing effect with 
purified recombinant HuIFNy. The HulFNy was not sup- 
pressing the release of suppressor molecules from PHA- 
stimulated T lymphocytes, but our results do not rule out the 
possibility that the HuIFNy effects are being mediated by 
another messenger released in response to HuIFNy. Such a 
possibility has been shown by others for the induction of Ia 
antigens on myeloid cells by IFNy.” 

Use of T lymphocyte- and monocyte-depleted bone mar- 
row cells to assess the stimulatory capacity of blood T 
lymphocyte CM suggests that it is a stimulating rather than 
a potentiating activity for CFU-GM and CFU-GEMM that 
is being released from PHA-stimulated T lymphocytes in the 
absence and presence of HuIFNw. None of the colony- 
stimulating activities were released in response to HulFNy 
in the absence of PHA, suggesting that HuIFNy alone is not 
capable of inducing release of GM-CSF, BPA, or multi- 
CSF. Induction of GM-CSF and BPA from lymphocytes is 
sometimes but not always concordant with respect to produc- 
tion and kinetics of release.27??^ It is not possible from our 
data to conclude whether the enhanced release of activities 
for GM colonies, erythroid bursts, and mixed colonies are 
due to a single molecule, or to several factors. Pure recombi- 
nant human GM-CSF? and G-CSF® can stimulate mul- 
tilineages of human cells in vitro. 

The loss of responsiveness of T lymphocytes with time in 
culture to the enhancing effects of HuIFNy could relate to 
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loss of receptors for HulFNy and/or to loss of antigenic 
determinants necessary for its binding and/or activity. Alter- 
natively, the inability to detect the enhancing effect of 
HulFNy after a few days in culture may only reflect 
endogenously released HuIFNw, which may be acting on the 
cells and masking the effect of exogenously added HuIFN». 

Whether the function for HuIFNy described in this article 
or functions described elsewhere for HuIFNy in vitro are 
meaningful in terms of the regulation of myelopoiesis in vivo 
remains to be determined. Demonstrating relevance in vivo 
for a function noted 1n vitro is difficult, and the difficulty is 
compounded when many complex cell-cell or molecule-cell 
interactions are possible that can modify or counterbalance 
an effect HuIFN»y may act potentially as a positive stimulus 
for myelopoiesis in vivo by enhancing release of CSF from 
activated T4 antigen* lymphocytes, by enhancing release of 
GM-CSF'™® from MHC class II antigen* monocytes," 
and by decreasing release from monocytes of acidic isoferri- 
tin" that suppress hematopoietic progenitor cells. 525? 
HuIFNy may also act potentially as a negative stimulus for 
myelopoiesis in vivo, however, by suppressing hematopoietic 
progenitor cells directly or indirectly. Moreover, 
HuIFN« can induce MHC class II antigens on mono- 
cytes and CFU-GM^ in vitro, and induction of increas- 
ing density expression of MHC class II antigens on a 
monocyte cell line'^ and CFU-GM® has been associated 
with induction of increased sensitivity of these cell popula- 
tions to suppression by lactoferrin and acidic isoferritins, 
respectively. The result in vivo may depend on time, and 
cell-type, and molecule concentration. This may actually 
involve a sequence of events in which low concentrations of 
HulFNy induce a positive effect that can in time be limited 
by HuIFN» induction of responsiveness of cells to the action 
of suppressor molecules other than HulFNy and, eventually, 
by direct HulFNy suppression due to increasing concentra- 
tions of HuIFN7 itself. 
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Stromal Cells in Myeloid and Lymphoid Long-Term Bone Marrow Cultures Can 
Support Multiple Hemopoietic Lineages and Modulate Their Production 
of Hemopoietic Growth Factors 


By Anne Johnson and Kenneth Dorshkind 


Hemopoiesis in long-term bone marrow cultures (LTBMC) 
is dependent on adherent stromal cells that form an in vitro 
hemopoietic microenvironment. Myeloid bone marrow cul- 
tures (MBMC) are optimal for myelopoiesis, while lymphoid 
bone marrow cultures (LBMC) only support B lymphopoie- 
sis. The experiments reported here have made a compara- 
tive analysis of the two cultures to determine whether the 
stromal cells that establish in vitro are restricted to the 
support of myelopoiesis or lymphopoiesis, respectively, 
and to examine how the different culture conditions affect 
stromal cell physiology. In order to facilitate this analysis, 
purified populations of MBMC and LBMC stroma were 
prepared by treating the LTBMC with the antibiotic myco- 
Phenolic acid; this results in the elimination of hemopoietic 
cells while retaining purified populations of functional 
stroma. Stromal cell cultures prepared and maintained 
under MBMC conditions secreted myeloid growth factors 
that stimulated the growth of granulocyte-macrophage 


Reus from a number of experimental studies have 
suggested that the development of various hemopoietic 
lineages and maturational states in the bone marrow does not 
occur randomly in the medullary cavity, but is localized in 
distinct microenvironments.'? Considerable attention has 
focused on a population of supporting elements known as 
stromal cells in the formation of these niches. These are a 
presumably nonhemopoietic population of cells on which 
active blood cell formation is dependent (reviewed in refer- 
ence 5). The precise means by which stromal cells could form 
a particular microenvironment is unknown. One possibility is 
that subpopulations of stromal cells exist that specifically 
Support a particular lineage or maturational state. This 
would necessitate that considerable stromal cell heterogene- 
ity exists Morphological examination of in situ bone marrow 
has identified a variety of stromal cell types that include 
reticular cells, endothelial cells, fibroblasts, and fat cells,” 
and in vitro analysis of stromal cell clones has provided 
additional evidence of heterogeneity by describing various 
subpopulations based on morphology or extracellular matrix 
secretion.^ Whether or not all these populations are func- 
tional in vivo is unknown. Alternatively, the number of 
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colonies, while no such activity was detected from purified 
LBMC stromal cultures. However, this was not due to the 
inability of LBMC stroma to mediate this function. Transfer 
of LBMC stromal cultures to MBMC conditions resulted in 
an induction of myeloid growth factor secretion. When 
seeded under these conditions with stromal cell-depleted 
populations of hemopoietic cells, obtained by passing mar- 
row through nylon wool columns, the LBMC stromal cells 
could support long-term myelopoiesis. Conversely, trans- 
fer of MBMC stroma to LBMC conditions resulted in a 
cessation of myeloid growth factor secretion; on seeding 
these cultures with nylon wool-passed marrow, B lympho- 
poiesis, but not myelopoiesis, initiated. These findings 
indicate that the stroma in the different LTBMC are not 
restricted in their hemopoietic Support capacity but are 
sensitive to culture conditions in a manner that may affect 
the type of microenvironment formed. 

® 1986 by Grune & Stratton, Inc. 


functional stromal cell populations that exist may be limited, 
and one stromal.cell type may be able to support multiple 
hemopoietic lineages and maturational states. 

The analysis of different types of long-term bone marrow 
cultures (LTBMC) offers an in vitro approach to investigate 
the formation of hemopoietic microenvironments. The com- 
mon feature of LTBMC is the establishment in vitro of an 
adherent layer of stromal cells on which long-term hemopoie- 
sis is dependent.’ Considerable variation in conditions used 
to establish the cultures exists, and this results in significant 
differences in the pattern of hemopoiesis observed. The 
myeloid bone marrow cultures (MBMC) described by 
Dexter et al produce spleen colony-forming units (CFU-S) 
and differentiated myeloid cells and their progenitors.!! 
Mature lymphocytes are not detected in the cultures, but a B 
cell precursor is present??? that has been shown to be a 
primitive hemopoietic cell. The lymphoid bone marrow 
cultures (LBMC) described by Whitlock and Witte!” are 
optimal for B lymphopoiesis and not myelopoiesis. Mature B 
cells and their precursors are detectable in these LBMC for 
up to several months, while CFU-S, myeloid progenitors, and 
mature myeloid cells are not detected by the first few weeks 
after culture initiation.!5? 

The culture conditions under which these LTBMC are 
established undoubtedly influence the pattern of hemopoiesis 
by direct action on the hemopoietic cells themselves.?! It is 
also possible that distinct hemopoietic microenvironments 
are formed in the LTBMC as a result of the culture 
conditions. This could be a result of the selective growth of 
stromal cell subpopulations that only support myelopoiesis or 
lymphopoiesis. A nonmutually exclusive alternative is that 
the different culture conditions used affect the means by 
which the stromal cells function and the type of microenvi- 
ronment formed. The purpose of this investigation is to 
distinguish between these alternatives. The findings indicate 
that stromal cells in the respective LTBMC are not restricted 
to the support of myelopoiesis and lymphopoiesis. However, 


Blood, Vol 68, No 6 (December), 1986. pp 1348-1354 


STROMAL CELLS IN LTBMC 


the culture conditions used affect stromal cell function, and 
this appears to contribute to the type of microenvironment 
that is created. 


MATERIALS AND METHODS 


Mice | BALB/cAn mice were obtained from Life Sciences, St 
Petersburg, FL, or bred in the vivarium of the Division of Biomedical 
Sciences, University of California, Riverside. Severe combined 
immunodeficient (SCID) mice were bred and maintained under 
sterile, laminar flow conditions in the divisional vivarium. from 
homozygous breeding stock obtained from the Ontario Cancer 
Institute, Canada (a gift of Drs RA Phillips and MJ Bosma). The 
genetics of this mutant and its characterization have been previously 
described ? Male or female mice were used at 4 to 6 weeks of age. 
Briefly, SCID mice have an autosomal recessive defect that results 
1n the absence of lymphocytes in their hemopoietic tissues. However, 
the microenvironment in these mutants is normal and lymphocytes 
can be reconstituted without prior irradiation with grafts of normal 
stem cells ? 

Preparation of cell suspensions. Animals were sacrificed by 
cervical dislocation, and spleens, femurs, and tibiae removed and 
placed in o-minimal essential medium (a-MEM; GIBCO, Grand 
Island, NY) Bone marrow cells were flushed from the bones with a 
syringe and needle and single-cell suspensions prepared by gentle 
pipetting. Cell viability was determined by eosine dye exclusion, and 
all cell counts were performed in a hemocytometer. 

Preparation of mycophenolic acid. Mycophenolic acid (MPA), 
a gift of the Eli Lilly Co, Indianapolis, was prepared by dissolving 10 
mg of the drug in 400 uL of 95% ethanol at room temperature. Once 
in solution, a 1-mg/mL stock was obtained by adding phosphate- 
buffered saline to a final volume of 10 mL The solution was sterile 
filtered and stored at 4 °C. Fresh stock solutions were prepared every 
3 weeks, as loss of activity was noted with older preparations. 

Preparation of stromal cell cultures Stromal cell cultures were 
generated by establishing long-term bone marrow cultures under 
myeloid or lymphoid conditions and subsequently treating these with 
MPA * Cultures were initiated with marrow from either BALB/ 
cAN or SCID mice The stromal cells in these latter mice are 
normal, and no differences were observed between experiments using 
SCID or BALB/c stromal cells. MBMC were established by flush- 
ing the contents of one femur and tibia into a 25-cm? tissue culture 
flask (#3013, Falcon, Oxnard, CA) containing 8 mL of a-MEM 
supplemented with 20% horse serum (GIBCO) and 1075 mol/L 
hydrocortisone sodium succinate (Upjohn, Kalamazoo, MI). The 
cultures were then gassed with a 5% CO,, 95% air mixture, tightly 
sealed, and placed in a dry 33 °C incubator. Cultures were fed after 
1 week, and by 2 weeks a confluent, adherent layer of cells had been 
established. MBMC are usually recharged at this time by adding 
fresh bone marrow cells to the cultures. Instead, MBMC were 
treated with MPA in order to prepare purified stromal cell layers. 
All culture medium was removed from the flasks and replaced with 
a-MEM supplemented with 20% horse serum, 1075 mol/L hydro- 
cortisone, and 5 ug/mL MPA. Three days later all the MPA- 
containmg medium was replaced with fresh medium After an 
additional three-day incubation, the cycle was repeated. In most 
cases, two cycles of drug treatment were sufficient to eliminate 
hemopoietic cells. It has been shown that no hemopoietic colonies 
can be detected among the cells harvested from MPA-treated 
cultures, indicating that the procedure does eliminate hemopoietic 
cells.” All cultures were maintained at least 2 weeks after the last 
drug treatment before use. 

LBMC were established by plating 135 mL of a single-cell 
suspension of bone marrow cells at 10 cells per milliliter in 
RPMI-1640 medium supplemented with 5% fetal calf serum 
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(GIBCO) and 5 x 107? mol/L 2-mercaptoethanol (2-ME, Sigma 
Chemical Co, St Louis) in 10-cm? tissue culture dishes (Corning 
Plastics, Santa Clara, CA). Cultures were fed twice a week as 
described previously." At the end of 2 weeks, a confluent, adherent 
layer had established and cultures were treated with MPA according 
to the protocol noted earlier. 

[n some experrments, adherent cells were harvested from LTBMC 
by removing all the culture medium and replacing it with 2 mL of a 
015% collagenase solution in phosphate-buffered saline supple- 
mented with 1 ug/mL DNAse (Sigma). After incubation for 15 
minutes at 37°C, adherent cells were gently removed by scraping 
with a rubber policeman. Viability of the harvested cells was always 
95% to 100% 

Separation of cells on nylon wool column. Cells from fresh bone 
marrow were passed through nylon wool columns prepared accord- 
ing to the method of Julius et al ” in order to deplete stromal cells. A 
maximum of 5 x 10’ fresh bone marrow cells in a 2-mL volume was 
loaded onto a column packed 1n a 12-mL syringe and washed into the 
nylon wool with 1 mL of 37°C medium. The nonadherent cells were 
eluted from the column by washing with 20 mL of the medium. The 
eluted cells were then passed through a second column as described 
earlier. Cells were incubated for 45 minutes on each column. 
Approximately 7% of the initial cell input remained after passage 
through the second nylon wool column. To confirm the efficacy of 
the separation procedure, aliquots of 5 x 10° of the twice-nylon 
wool-passed cells were cultured alone in the appropriate medium and 
observed throughout the course of the experiment for growth of 
stromal or hemoporetic populations 

B lymphocyte colony-forming assay. Colony-forming B cells 
(CFU-B) were assayed as described by Kincade et al * Nine parts of 
Iscove’s modified Dulbecco’s medium supplemented with 15% fetal 
calf serum, 0.4% nonessential amino acids, 0 8% essential amino 
acids, 0.4% vitamin mixture (all from GIBCO), 0.6% NaHCO,, and 
5 x 107? mol/L 2-ME were mixed with one part 3% agar (Difco, 
Detroit) dissolved by boiling in double distilled H;O. In addition, the 
medium contained 0.05% sheep red blood cells (Colorado Serum, 
Denver) that had been washed four times before use and 10 ng/mL 
Escherichia coli lipopolysaccharide (LPS, Difco) The medium was 
mixed with 1 x 10° cells in 0.2 mL and plated in 1-mL volumes in 
35-mm plastic Petri dishes (Falcon) After the agar had gelled, 
cultures were placed in a humidified 5% CO, and 95% air incubator 
at 37°C After six days of incubation, red cells were lysed by adding 
1 mL of 3 0% glacial acetic acid in distilled H,O to allow visualiza- 
tion of B cell colonies 

Antibody labeling of cells and fluorescence microscopy Sur- 
face IgM-bearing cells were identified with an affinity-purified, 
fluorescein-conjugated goat antimouse IgM (Southern Biotechnolo- 
gy, Birmingham, AL) This reagent was diluted 1:5 in a-MEM 
supplemented with 5% fetal calf serum and 1 mg/mL sodium azide 
Aliquots of 1 to 2 x 10° cells harvested from cultures or fresh bone 
marrow were suspended in 100 uL of the diluted antiserum and 
incubated for 45 minutes on 1ce. Cells were then washed twice at 
4°C in a-MEM without serum and resuspended in 02 mL of 
a-MEM To this was added an equivalent volume of 2% paraformal- 
dehyde in phosphate-buffered saline Cells were stored at 4 °C until 
cell counts were performed on wet mount preparations using a E. 
Leitz (Rockleigh, NJ) Laborlux microscope equipped for epifluores- 
cence. At least 500 cells were counted per sample. 

Myeloid colony assay. Myeloid progenitor cells capable of 
forming colonies ın semisolid medium were assayed by culturing 5 x 
10* cells in 35-mm plastic Petri dishes containing 1 mL of methylcel- 
lulose medium." The latter contained 0.8% methylcellulose, 30% 
fetal calf serum, 5 x 1075 mol/L 2-ME, and 10% medium condi- 
tioned by WEHI-3B (D^) cells. This was prepared by culturing 
WEHI cells at 10° cells per milliliter in 40 mL of a-MEM supple- 
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mented with 195 fetal calf serum. After a 24-hour incubation, 
supernatants were collected, centrifuged, and stored at 4°C until 
used. Colonies were enumerated on day 8. 

Collection of conditioned medium Medium conditioned by 
MPA-treated stromal cell cultures was harvested and tested for the 
presence of colony-stimulating factors in some experiments On day 
O all medium was removed from the cultures and replaced with 
either fresh a- MEM supplemented with 20% horse serum and 107° 
mol/L steroids or RPMI-1640 supplemented with 5% fetal calf 
serum and 5 x 107? mol/L 2-ME. At various time points thereafter, 
medium from three replicate flasks was collected and pooled. A 
separate set of cultures was used for collection of medium at 
different time points. Cultures initiated under MBMC or LBMC 
conditions were switched to LBMC or MBMC conditions, respec- 
tively, in some experiments, and conditioned medium was collected 
as noted. Cultures were allowed to adapt to the new culture 
conditions for 2 weeks before collection of medium. 


RESULTS 


Effects of culture conditions on stromal cells. Investiga- 
tions on stromal cell lines have demonstrated that these cells 
are sensitive to the culture conditions under which they are 
maintained.” This suggests that the different culture condi- 
tions in MBMC and LBMC might also affect stromal cells, 
and this in turn could influence hemopoiesis in the respective 
cultures. 

As a simple, reproducible assay of stromal cell function, 
the ability of stromal cells in the LTBMC to condition 
medium with growth factors that could stimulate the devel- 
opment of granulocyte-macrophage progenitors was used. 
Because hemoporetic cells in intact cultures could possibly 
bind to the growth factors and decrease their concentration 
in the supernatants, the analysis was conducted using puri- 
fied MBMC and LBMC stromal cell cultures. This was 
accomplished by treating the cultures with MPA as 
described in Materials and Methods. The data in Table 1 
indicate that there are differences with regard to growth 
factor secretion by MPA-treated MBMC and LBMC stro- 
mal cell cultures. Myeloid colony-stimulating activity was 
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present in supernatants conditioned by MBMC stroma, with 
the highest activity at one day after feeding of the cultures. 
Minimal activity was present in supernatants conditioned by 
LBMC stroma. However, this was not due to an inability of 
LBMC stromal cells to produce this substance; after transfer 
to MBMC conditions, stromal cells initiated under LBMC 
conditions could secrete myeloid growth factors. Conversely, 
a marked decline in their production by MBMC stroma was 
observed after transfer to LBMC conditions. Minimal CFU- 
GM growth was stimulated by horse or fetal calf serum used 
to grow the cultures (Table 1 footnote). The molecular 
species of the secreted colony-stimulating factors has not 
been determined. 

The photomicrographs in Fig 1 demonstrate that stromal 
cell morphology is also affected by the culture conditions. 
MPA-treated stroma was used to eliminate hemopoietic cells 
that might obscure the stroma. Fat cells are a prominent 
feature of the adherent layer in MBMC (Fig 1A), but these 
disappear almost entirely after transfer to LBMC conditions 
(Fig 1B). Fat cells are not readily observed in LBMC 
(Fig 1C); after transfer to MBMC conditions, these 
appeared and the stroma took on an appearance characteris- 
tic of a primary MBMC (Fig 1D). 

LBMC stroma can support myelopoiesis after transfer to 
MBMC conditions. Because LBMC stromal cells were 
capable of myeloid growth factor production, it was possible 
that they could support long-term myelopoiesis in vitro. This 
was tested by treating LBMC with MPA, seeding the 
cultures with 5 x 10° nylon wool-passed marrow cells in 
MBMC medium, and transferring them to 33 °C. The nylon 
wool passage removes stromal cells from the marrow that can 
form an adherent stromal cell layer in vitro, thus ensuring 
that precursors in the reseed population are dependent for 
growth on the preestablished LBMC stroma.” The addition 
of nylon wool-passed hematopoietic cells to LBMC stroma 
was essential in order to supply a source of myeloid precur- 
sors, since the latter are not detectable in LBMC.!$29?9 The 
rationale for using MPA-treated stroma was to eliminate any 


Table 1. Culture Conditions Affect Production of Colony-Stimulating Factors by Stromal Cells 








Nec AP No of CFU-GM/5 x 10° Stimulated by Supernatants From 
Collected MBMC MCMB — LBMC LBMC LBMC — MBMC 

Experiment 1* 

1 91+ 13 7+7 1 60 + 13 

4 4142 4+2 5+ 7 49 x 11 

7 36 +4 5+.7 1414 32 x 21 
Experiment 2+ 

3 59-428 141.4 o 11-41 
Experiment 3 

1 100 + 0 5+4 ND ND 








Supernatants were collected from primary cultures 2 weeks after the last MPA treatment. Cultures transferred to alternate conditions were allowed to 
adapt to the different medium for 2 weeks before collection of supernatants Values are expressed as mean + SD. 

Abbreviation: ND, not determined 

*Frequency of CFU-GM/5 x 10* BALB/c bone marrow cells stimulated by WEHI-3 conditioned medium was 63 + 10 A 10% mixture of culture 
medium containing 5% fetal calf serum or 20% horse serum only as stimulator instead of WEHI-conditioned medium stimulated the growth of0O5 x07 
and 1.5 + 0 7 CFU-GM/5 x 10* marrow cells, respectively, in methylcellulose cultures. 

[Frequency of CFU-GM/5 x 10* BALB/c bone marrow cells stimulated by WEHI-3-conditioned medium was 32 + 5. A 10% mixture of culture 
medium containing 5% fetal calf serum or 20% horse serum only as stimulator instead of WEHI-conditioned medium stimulated the growth of O and 1.5 
+ 0.7 CFU-GM/5x 10* marrow cells, respectively, in methylcellulose cultures 
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Fig 1. Photomicrographs of stromal cells in myeloid and lymphoid long-term bone marrow cultures after MPA treatment. (A) Stroma 
from myeloid bone marrow culture initiated and maintained under MBMC conditions. (B) Stroma from myeloid bone marrow culture after 
2 weeks under LBMC culture conditions. (C) Stroma from lymphoid bone marrow culture initiated and maintained under LBMC culture 
conditions. (D) Stroma from lymphoid bone marrow cultures after 2 weeks under MBMC culture conditions. All micrographs x 500. 


hematopoietic cells present in primary LBMC that might 
potentially occupy niches required by precursors in the 
reseed population. An additional advantage of adding a 
known number of cells and progenitors to purified stroma 
was that cell growth could be quantitated at weekly intervals 
thereafter relative to that starting population. Separate 
aliquots of 5 x 10* nylon wool-passed cells were cultured 
alone in quadruplicate to ensure that no stromal cells present 
in that population grew in vitro. 


Table 2 shows the results pooled from two experiments in 
which nylon wool bone marrow was seeded onto MPA- 
treated stroma initiated under LBMC conditions. The data 
indicate that this stroma can support myelopoiesis under 
MBMC conditions. By 2 weeks after seeding, a 27-fold 
increase in the number of nonadherent cells per flask was 
observed, and at least a 16-fold increase was maintained 
through the 7 wecks of observation. Progenitors of granulo- 
cytes and macrophages (CFU-GM) were also present. While 
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Table 2. Stroma Grown Under LBMC Culture Conditions Can 
Support Myelopoiesis on Transfer to MBMC Conditions 








Mean No. 

Wk of Cells per Fiask CFU-B/ CFU-GM/ CFU-GM 
Culture x 10° 5 x 10° 5 x 10* per Flask 
o 0.5 29 « 17 213 + 15 2,130 
1 2.1 + 0.6 0.3 + 0.3 125 + 71 5,000 
2 13.9 + 1.6 0 20+6 5,560 
3 11.7 + 3.0 0 19+6 4,446 
4 11.8 + 3.0 0 21+ 13 4,956 
5 11.2 + 3.6 0 15+ 10 3,584 
6 8.5 + 3.0 0 16 > 12 2,720 
7 8.2 + 2.0 0 14+ 12 2,296 





Stroma from SCID bone marrow was grown under LBMC culture 
conditions, treated with MPA, seeded with 5 x 10° 2x nylon wool- 
passed BALB/c bone marrow cells, and transferred to MBMC culture 
conditions. Half of nonadherent cells were removed each week and the 
assays noted were performed. Data pooled from two separate experi- 
ments in which a total of seven cultures were processed individually. 
Values are expressed as mean + SD. 


the frequency of these was below the level in the initial reseed 
population, their absolute number was always greater 
through the course of the experiment. No hemopoiesis was 
observed in replicate MPA-treated LBMC stromal cell cul- 
tures not reseeded but transferred to MBMC conditions or in 
MPA-treated LBMC maintained under LBMC conditions, 
confirming the efficacy of the MPA treatment. Four sepa- 
rate cultures, each initiated with 5 x 10° nylon wool-passed 
cells alone, failed to establish stromal cell foci or confluent 
adherent layers; hemopoiesis did not initiate in these flasks, 
and cells did not survive past | week (data not shown). 

B lymphocytes are not produced under MBMC conditions, 
and consistent with this was the fact that no CFU-B were 
observed in the cultures by 2 weeks postseeding (Table 2). 
However, a primitive B cell precursor is present in primary 
MBMC.'^ Whether or not they were present in the reseeded 
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LBMC transferred to MBMC conditions was tested by 
harvesting cells from the adherent layer of the reseeded 
cultures and transplanting them into SCID mice. The data in 
Table 3 demonstrate that B cells are present in SCID mice 
that received a graft of the cultured cells. Higher levels of 
CFU-B and surface 1gM-positive cells were present in recip- 
ients of cultures seeded 4 weeks previously as compared with 
7 weeks earlier; however, because no B cells are present in 
unreconstituted SCID mice, reconstitution to any level is 
significant. No evidence of tumor formation was noted in any 
of the mice. Because they had received adherent layer cells 
containing both stromal and hemopoietic components, this 
suggests that both populations are normal. Taken together, 
these results demonstrate that LBMC stroma can support 
myelopoiesis and maintain B cell precursors. 

MBMC stroma can support Iymphopoiesis after transfer 
to LBMC conditions. The capacity of stroma initiated 
under MBMC conditions to support lymphopoiesis was 
tested by treating MBMC with MPA, seeding them with 5 x 
10° nylon wool-passed BALB/c bone marrow celis, and 
transferring cultures under LBMC conditions to a 37°C 
incubator. As in the previous section, the number of progeni- 
tors in the nylon wool population was determined, thus 
making it possible to quantify cel! growth at weekly intervals 
relative to the reseed population. 

The data in Table 4 were pooled from four separate 
experiments and demonstrate that MBMC stroma can sup- 
port B lymphopoiesis. At all time points examined, surface 
IgM-positive cells and CFU-B were present in the cultures. 
Those cells that did not express Ig were morphologically 
identifiable as lymphocytes. Myeloid progenitors are not 
present in LBMC by the first few weeks postinitiation, and 
the results of these experiments show that the number of 
CFU-GM decrease to 10% of input levels by 2 weeks 
postseeding and are not detectable at 6 weeks. 

Negative controls similar to those described earlier were 


Table 3. Stroma Grown Under LBMC Culture Conditions Can Support Early B Cell Precursors on Transfer to MBMC Conditions 








Cells 
Transplanted Spleen Cell Absolute 
Into SCID Mice No. x 10* sigM” (96)* CFU-B/10* No. CFU-B 
None 6.3ł o o [9 
Experiment 1 
3 x 10* 4 wk post-reseed 32 16.0 205 +7 6.6 x 10* 
37 29.8 280 + 28 1.0 x 10° 
Experiment 2 
10’ 4 wk post-reseed 33 ND 115 + 35 3.8 x 10* 
22 ND 385 « 21 8.5 x 10* 
Experiment 3 
10’ 7 wk post-reseed 12 1.2 4+2 4.8 x 10? 
12 1.2 22 «8 2.6 x 10? 
Experiment 4 
10’ 7 wk post-reseed 27 14 241 5.4 x 10? 
18 [t] 5 x 0.5 9.0 x 10? 





Stroma from SCID bone marrow was grown under LBMC conditions, treated with MPA, seeded with 5 x 10° 2 x nylon wool BALB/c bone marrow 
cells, and transferred to MBMC conditions: cells were harvested for transplantation into SCID mice at times noted. Values are expressed as mean + 


SD. 
Abbreviation: ND, not determined. 
*Based on counts of 500 cells. 
fData were pooled from six unreconstituted SCID mice. 
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Table 4. Stroma Grown Under MBMC Culture Conditions Can Support B Lymphopoiesis on Transfer to LBMC Conditions 

















Cells per Flask CFU-GM/ CFU-B/ Mean No. 

We of Culture x 10° 5 x 10* slgM* (96) 5 x 10* CFU-B/Flask 
0 0.5 165 + 57 0.4 x03 26 x 10 2.6 x 10? 

1 3.8 + 3.4 48 + 24 7.5 220 120 + 85 9.0 x 10? 

2 1.6 x 1.2 15x11 14.0 + 9.0 500 + 402 1.6 x 10* 

3 0.9 + 0.4 10 +13 13.6+60 117 € 75 2.1 x 10? 

4 1.0 + 0.3 10-7 14.0 £40 74 x 78 15x 10° 

5 13+0.4 13 + 14 10.0 + 8.0 28 + 35 73x 107 

6 17+0.5 0 9.8 90 « 20 31x10? 


Stroma from SCID bone marrow was grown under MBMC culture conditions, treated with MPA, seeded with 5 x 10? 2 x nylon wool-passed BALB/c 
bone marrow cells, and transferred to LBMC conditions. Half of nonadherent cells were removed each week and the assays noted were performed. Data 
was pooled from four separate experiments in which a total of 13 flasks were processed individually. Values are expressed as mean + SD. 


included in all experiments. No hemopoiesis initiated in 
unseeded, MPA-treated MBMC transferred to LBMC con- 
ditions or maintained under MBMC conditions. Four repli- 
cate cultures, each containing 5 x 10° nylon wool cells seeded 
into empty flasks under LBMC conditions, did not form an 
adherent layer and cells did not survive past 1 week 


DISCUSSION 


The availability of different LTBMC that support myelo- 
poiesis or lymphopoiesis in a stromal cell-dependent system 
offers an in vitro means of investigating the formation of the 
hemopoietic microenvironment. Using populations of stro- 
mal cells depleted from hemopoietic cells grown under 
MBMC or LBMC conditions, obtained by treating estab- 
lished cultures with MPA,” it has been possible to compare 
the stromal cell populations present in the two cultures. 
Results indicate that the different culture conditions affect 
stromal cell physiology in a manner that may contribute to 
the pattern of hemopoiesis in the respective cultures. 

The analysis of LBMC demonstrated that the stroma that 
establishes in those cultures has the capacity to support 
long-term myelopoiesis after seeding with nylon wool-passed 
bone marrow cells and transfer to MBMC conditions. The 
lack of myelopoiesis in primary LBMC does not reflect a 
differentiation block of myeloid stem cells that may be 
present in the cultures; CFU-S are not present? and the 
transfer of established LBMC to MBMC conditions results 
in a cessation of lymphopoiesis and no initiation of myelo- 
poiesis.” The lack of myelopoiesis in LBMC is also not due to 
toxic conditions, since the culture medium contains the same 
basic components used to grow myeloid progenitors in vitro." 
The simplest explanation would be that culture conditions 
are suboptimal for the survival and differentiation of myeloid 
cells. The present findings suggest that this is due in part to 
the failure of the stroma to form the proper microenviron- 
ment and produce myeloid growth factors. The ability of 
LBMC stroma to support myelopoiesis under MBMC condi- 
tions may be due in part to the initiation of myeloid growth 
factor production by the stroma. 

The capacity of MBMC stroma to support B lymphopoie- 
sis was consistent with results that demonstrated that B 
lymphopoiesis could be induced and maintained in MBMC 
by transferring an established culture to LBMC conditions.” 
While the significance of that study was the induction of B 


lymphopoiesis from early hemopoietic cells in vitro, it also 
demonstrated that MBMC stroma was not lineage restricted 
in its support capacity. The high concentration of steroids 
and horse serum used in MBMC might be inhibitory to B 
lymphopoiesis.'" A contributing factor to the lack of lympho- 
poiesis in the cultures may also be that the stromal cells only 
secrete myeloid growth factors and not those on which 
lymphopoiesis may be dependent??? 

The present results support other reports that stromal cells 
are sensitive to external stimuli. Lanotte et al? demonstrated 
that steroids present in the culture medium resulted in an 
accumulation of lipids in a stromal cell line. Because steroids 
are present in MBMC medium, the appearance of lipid in 
LBMC stromal cells transferred to MBMC conditions may 
also be a steroid-mediated effect. Cohen et al? also noted 
effects of steroids on stromal cells; lipid-containing cells were 
present in steroid-containing cultures, while those estab- 
lished in fetal calf serum without steroids had primarily a 
fibroblastoid appearance. That study also demonstrated that 
the stromal cell cultures established without steroids could 
support myeloid progenitors after seeding with purified 
populations of hemopoietic cells. The exogenous steroids in 
LTBMC do not appear to affect growth factor secretion. 
MBMC stromal cells grown in horse serum-supplemented 
medium without hydrocortisone secreted myeloid growth 
factors that stimulated comparable numbers of CFU-GM as 
in steroid-supplemented cultures.? Other components of the 
culture medium, such as glucose, may also be of importance 
in affecting stromal cell function. 

It is unclear whether the stromal cells initiated under 
LBMC or MBMC conditions are identical or different 
populations. It is possible that at least two distinct stromal 
cell subpopulations, one for myelopoiesis and one for lympho- 
poiesis, are present in each of the LTBMC. That population 
necessary for myelopoiesis would be functional under 
MBMC but not LBMC conditions. Those central to lympho- 
phoiesis would be functional under LBMC but not MBMC 
conditions. Even if such distinct subpopulations exist in the 
cultures, their activation 1nto functional cells might still be 
affected by environmental conditions. Alternatively, the stro- 
mal cells in the two cultures may be identical and exhibit a 
plasticity in response to culture conditions. Under MBMC 
conditions they form myeloid microenvironments, while 
under LBMC conditions they only support lymphopoiesis. 
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It has been suggested that there are gradients of metabo- 
lites and cell products that exist within the medullary cavity, 
thereby producing intraorgan variability in environmental 
conditions.?? If this is the case, then the capacity of stromal 
cells to modulate their function according to differences in 
their external milieu could have relevance to the type of 
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microenvironment they form in a particular area. For exam- 
ple, it has been suggested that stem cells are localized to 
subendosteal regions.’ In this case the localized conditions in 
those areas might be optimal not only for stem cells them- 
selves, but also to the function of stromal cell populations 
that form stem cell niches. 
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Classifying Acute Leukemia by Immunophenotyping: A Combined 
FAB-Immunologic Classification of AML 


By Peter B. Neame, Praniti Soamboonsrup, George P. Browman, Ralph M. Meyer, Ann Benger, W. Edwin C. Wilson, 
Irwin R. Walker, Niloufer Saeed, and John A. McBride 


A panel of commercially available monoclonal antibodies 
and five heteroantisera were used to distinguish and sub- 
type 138 cases of acute leukemia (AL). The immunopheno- 
type was compared with the French-American-British 
(FAB) classification obtained on the cases. The immuno- 
phenotype discriminated acute myelogenous leukemia 
(AML) from acute lymphoblastic leukemia (ALL) and recog- 
nized cases not distinguished by cytochemistry (22% of 
cases), mixed lineage phenotypes (13% of cases), and 
cases with separate populations of lymphoblasts and my- 
eloblasts (one case). Using the immunologic panel and 
derived criteria to subtype AML, correspondence of the 


HE FRENCH-AMERICAN-BRITISH (FAB) classi- 
fication of acute leukemia was proposed in 1976 to 
standardize the morphologic and cytochemical classification 
of acute leukemia so that comparisons could be made 
between institutions and between various trials. Roman- 
owsky morphology and cytochemical stains were used, which 
included myeloperoxidase (MPO) and Sudan Black B (SBB) 
for granulocytic differentiation and nonspecific esterase 
(NSE) for monocytic differentiation.? Initially nine subtypes 
were identified: six myeloid (M1 through M6) and three 
lymphoid (L1 through L3) but a further megakaryoblastic 
subtype M7 (as distinct from M7 [MI + 2 + 4])** was 
added in 1985, though methods in addition to light micros- 
copy were used for identification.** In the interim various 
heteroantisera and monoclonal antibodies had been used to 
classify acute leukemia.” Difficulties with FAB diagnostic 
criteria had also become apparent.** The FAB investigators 
endeavored to improve their classification by introducing 
revisions in 1981? and in 1985!5; however, some difficulties 
remain in interpretation." Instituting an immunologic classi- 
fication for comparative purposes had potential problems as 
different laboratories used various monoclonal antibodies 
and heteroantisera.”"*"*** Also, a myeloid subclassification 
corresponding to the FAB classification has not been well- 
defined using immunological reagents. 

In this paper we describe how a panel of commercially 
available monoclonal antibodies and five heteroantisera were 
evaluated for distinguishing and subtyping acute leukemic 
cells. The purpose of our study was first to select from readily 
available immunologic reagents a useful panel of monoclonal 
antibodies and heteroantisera to classify acute leukemia so 
that comparisons could be made between various laborato- 
ries using similar reagents. Secondly, we wished to compare 
the immunophenotype obtained on each case with its corre- 
sponding FAB diagnosis. In particular we were interested in 
determining whether an immunophenotypic pattern corre- 
sponding with the FAB myeloid subtypes could be selected 
from the panel of monoclonal antibodies used. Our third aim 
was to derive, if possible, a combined FAB-immunological 
classification to subtype acute leukemia. In another paper we 
present a formal evaluation of the contribution of the immu- 
nophenotypic classification to the diagnostic concordance of 
leukemic subtypes.”° 
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immunophenotype to the FAB subtypes M1, M2, M4, and 
MB was possible in greater than 80% of cases. A combined 
classification of the immunophenotype and FAB morphol- 
ogy/cytochemistry was devised for AML subtyping. It is 
recommended that immunophenotyping should be done at 
least in all cases with negative or inconclusive cytochemis- 
try. At present, we suggest that until a “gold standard” for 
identifying leukemic subtypes is developed, the best 
method for typing acute leukemia is by using a combination 
of morphology, cytochemistry and immunophenotyping. 

e 1986 by Grune & Stratton, Inc. 


MATERIAL AND METHODS 
Morphologic, Cytochemical and Immunological Studies 


The peripheral blood and bone marrows of 138 patients (122 
adults, 16 children) with acute leukemia (AL) diagnosed over 2!) 
years, between December 1983 and June 1986, were tested for 
surface membrane, cytoplasmic, and nuclear antigens and were 
classified by the FAB Cooperative Group classification using 
Wright-stained smears and cytochemical stains Cases of chronic 
myelogenous leukemia (CML) 1n blast crisis were not included in 
this study The cytochemical stains used included periodic acid 
Schiff (PAS), SBB, MPO, nonspecific esterase-butyrate (NSE), 
and in some cases chloracetate esterase (CAE) and acid phosphatase 
(AP) 6 According to the number of cells available, testing was done 
with the monoclonal antibodies and heteroantisera shown in Table 1 
by using 1mmunofluorescence microscopy. The monoclonal antibod- 
ies were selected for testing on the basis of previously reported type 
specificity 97119274! Some antibodies (AML2.23, PMN6, PMN29, 
FMCI0, Leu M3, P1M1, and PLT1) were added as they became 
available. 


FAB Classification 


The FAB Cooperative Group classification"! with minor modifi- 
cation was used on the peripheral blood and bone marrow smears. 
The myeloid leukemias were subclassified according to the following 
criteria: 

MI. Predominance of myeloblasts with <10% granulocytic dif- 
ferentiation 
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NEAME ET AL 
Table 1. Antibodies 
Cluster Designation Molecular Weight 
Antibody (CD Number)? ? 73 {kilodaltons, kd)*? ?*?* Specificity Source Ref. 
Leu 1 5 67 T lineage Becton Dickinson 27 
T3, T4, T6, T8, T11 3,4,1,8,2 19-29, 55, 45/12, 32, 50 T lineage Coulter Immunology 28 
OKT9 NA 90 T lineage Orthodiagnostic 28 
B1, B2, B4 20, 21, 19 35, 140, 95 B Imeage Coulter Immunology 12 
BA1, BA2 24,9 45/55/65, 24 B lineage Hybritech 29 
J5 10 100 Calla Coulter Immunology 7,12 
HLA-DR (la) NA 29-34 B lineage, monocytic, Becton Dickinson 30 
myeloblast 
Leu M1 NA NA (x-hapten) Granulocytic, mono- Becton Dickinson 31 
cytic 
My7, My9, Mol w13, NA, 11 160, 68-74, 155/94 Granulocytic, mono- Coulter Immunology 10, 32, 37 
cytic 
My4, Mo2 w14, w14 55, 55 Monocytic Coulter Immunology 10, 33 
AML 2 23 NA NA Granulocytic, mono- Hybritech 9 
cytic 
Leu M3 NA NA Monocytic Becton Dickinson 11 
D5D6(CAML 1) NA NA Granulocytic, mono- UCLA Tissue Typing Lab 18 
Cytic 
PMN 6, PMN 29 NA, NA NA, NA Granulocytic Hybritech 9 
FMC10 15 NA Granulocytic AMD-Cedarlane 34 
PLM1 NA NA pl. GP IIb/Illa mega- AMD-Cedarlane 35, 36 
karyocytic 
PLT1 NA NA Megakaryocytic Coulter Immunology 37 
FVIIIR NA NA Megakaryocytic Cappel 36, 38 
EMcAb* NA NA Erythroid/Lymphoid B.S. Clarke 
McMaster University 
TdTt NA NA Lymphoid Pharmacia 39 
Antihuman 
Immunoglobulint, u NA NA B lineage Tago 40, 41 


chain, kappa and 
lambda light chain 


*Erythroid monoclonal antibody — not commercially available 
tPolyclonal. 
NA, Not available. 


M2 More than 30% myeloblasts with >10% differentiating 
granulocytes, NSE «2046. 

M3- (a) Hypergranular promyelocytes with numerous Auer 
rods on Wright-stain or CAE (b) A variant form showing cells with 
bilobed, multilobed or reniform nuclei (NSE-negative) and relative 
scarcity of hypergranular promyelocytes or of primitive cells with 
multiple Auer rods. 

M4: Monocytic cells with >20% but <80% NSE-butyrate posi- 
tivity. 

M3. Monocytic cells with >80% NSE positivity. (a) Monoblas- 
tic, poorly differentiated. (b) Monocytic, differentiated 

M6: More than 50% erythroblasts with >30% myeloblasts 
excluding the erythroid cells. 

The criteria used for the myeloid subclassification were similar to 
the revised FAB classification recently published! and were intro- 
duced in our laboratory in 1983 as a result of the FAB reports in 
1981/5 and 1982? and from examination of our data. 


Cell Preparation and Immunofluorescence 


Monoclonal antibodies This has been described in detail in a 
previous paper.” In brief: after Ficoll-Hypaque gradient separation, 
cells were incubated for 30 minutes with the monoclonal antibody 
(McAb). After three washes the cells were then incubated for 30 
minutes with fluoroscein-conjugated antimouse immunoglobulin To 
increase the reactivity of some monoclonal antibodies (My9, My7, 
My4, Leu M1, PMN 6/29, and B4) biotin-conjugated antimouse 


immunoglobulin was used as the second antibody and for the third 
stage fluorescein conjugated avidin was added After three further 
washes, cytospin preparations were made and examined under the 
fluorescent microscope. 


Heteroantisera 


Surface immunoglobulin. Cells were incubated with fluoro- 
scein-conjugated antihuman immunoglobulin for 30 minutes After 
three washes, cytospin preparations were made and examined using 
a fluorescent microscope.” 

Cytoplasmic immunoglobulin After fixing for five minutes in 
acetone, cytospin preparations of cells were incubated for 30 minutes 
with fluorescein-conjugated antihuman immunoglobulin. After 
three washes, the preparations were examined using a fluorescent 
microscope.*! 

Terminal deoxynucleotidyl transferase An indirect immuno- 
fluorescent assay using rabbit anti-terminal deoxynucleotidyl trans- 
ferase (anti-TdT) was performed as previously described. 69? 

Criterion for all methods Cases where more than 25% of 
mononuclear cells were reactive with antibody were considered 
positive 


Comparison of the Derived Immunophenotype with the 
FAB Classification 


Two experienced observers independently classified (using the 
FAB classification as described above), randomly ordered, and 
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Table 2. Reactivity Pattern of Acute Myeloid Leukemia with Monoclonal Antibodies 





Reactivity pattern, No positive/ No analyzed (percent positive) 








PMN AML 
FAB (No.) My9 My7 Leu M1 My4 6/29 223 la 

M1(18) 14/17 (82) 11/17 (65) 0/18 (0) 1/18 (5) 0/10 (0) 1/6 (17) 9/15 (60) 
M2(17) 12/15 (80) 13/15 (87) 15/17 (88) 1/16 (6) 2/10 (20) 1/5 (20) 7/11 (64) 
M3(8) 6/6 (100) 6/6 (100) 3/6 (50) 0/7 (0) 4/6 (67) 4/4 (100) 1*/8 (13) 
M4(15) 15/15 (100) 13/15 (87) 13/15 (87) 12/15 (80) 7/13 (54) 6/7 (86) 14/15 (93) 
M5(14) 11/13 (85) 6/13 (46) 13/14 (93) 14/14 (100) 1/9 (11) 3/4 (75) 13/13 (100) 
M6(2)+ 1/2 1/1 1/1 — — — — 
M7(1)t 1/1 1/1 0/1 0/1 0/1 0/1 0/1 
Total Non-mono 

(M1, 2, 3, 6) 34/41 (83) 32/40 (80) 19/43 (44) 2/42 (5) 6/27 (22) 6/16 (38) 17/35 (49) 
Total mono (M4, 5) 26/28 (93) 19/28 (68) 26/29 (90) 26/29 (90) 8/22 (36) 9/11 (82) 27/28 (96) 
Total AML (75) 60/69 (87) 51/68 (75) 45/72 (63) 28/71 (39) 14/49 (29) 15/27 (56) 44/63 (70) 
ALL 6/50 (12) 7/50 (14) 5/47 (11) 1/49 (2) 0/19 (0) 2/8 (25) 34/44 (77) 








*Promyelocytic variant 
+EMcAb > 25% 
fPLT1 and PLM 1 > 25% 


coded Wright-stained smears together with their cytochemical prep- 
arations The results of the formal evaluation of the initial 105 cases 
are presented in another paper.” The concordant FAB results were 
used for comparison with the results of the immunophenotype. 
Certain patterns for FAB M1, M2, M4, and M5 using monoclonal 
antibodies against myeloid differentiation antigens were recognized 
from our initial data. These patterns were formally tested by reading 
the immunophenotype of coded cases without knowledge of the FAB 
diagnosis and then comparing the results with the FAB diagnosis 
that had been previously recorded by the two observers as described 
above. 


RESULTS 


Comparison of the FAB Classification by the Two 
Observers 


Of the 138 cases, there was agreement in the FAB 
diagnosis of 83% of the cases (113 cases). In the remaining 
17% (23 cases), 15 cases showed FAB subtype differences 
(M1/M2 [4], MI/MS [1], M2/M4 [2], M4/M5 [2] or 
L1/L2 [6]) while eight cases were unclassifiable (AUL). In 
30 cases (22%), there was negative cytochemical staining. 
The two observers were concordant in their FAB diagnosis in 
20 of these cases. Of the remaining 10 cases, eight were 
undifferentiated and two were minor subtype differences. 


Initial Selection of Antibodies 


The reagents used to type acute leukemia are shown in 
Table 1. Some reagents showed a lack of specificity, poor 
reactivity, an irregular response to differentiation, or matu- 
ration or infrequent positivity in AML and were dropped 
from our panel. The reagents ultimately used to immunophe- 
notype are shown in Tables 2, 3 and 4. 


Relationship Between Immunophenotype and 
FAB Classification in AML 


The reactivity pattern of 75 cases of AML with mono- 
clonal antibodies against myeloid differentiation antigens is 
shown in Table 2. It will be noted that 8796 of the cases were 
identified by My9 and 75% by My7.’° Of these 75 cases, 12 
were My7- and My9*; five My7* and My97; and three 


My7~ and My9~. The remaining 55 cases (73%) were 
positive for both antibodies (My7*, My9*). Ninety-six per- 
cent of the cases of AML expressed either My9, My7, or 
both.” Three of the 75 cases that failed to be identified by 
My7 and My? were later recognized by other criteria to be 
myeloid in origin. In two of the patients, the bone marrows 
were considered to be M5 by morphology and NSE reaction 
(78095) and were both My4-positive. A further case, SBB- 
and MPO-positive, was negative with all myeloid antibodies 
used (My7~, My9~, My47, and Leu M17). 

From surveying our initial results we recognized that both 
My7 and My9 antibodies would be useful as an initial screen 
for acute myeloid leukemia. Pooling My7 and My9 antibod- 
ies was first undertaken when insufficient cells had been 
obtained by marrow aspirate or on peripheral blood. In 20 
further cases pooled My7/My9 antibodies were compared 
with the results when the reagents were used individually. 
Using the pooled reagents, an increase in the intensity of the 
reaction, and sometimes in the number of positive cells, was 
observed in the majority of cases. In a similar manner, we 
now pool Leu 1 and TII (see Table 4). 

Table 2 shows that the immunophenotyping can distin- 
guish between FAB M1 and M2. None of the 18 cases 
classified as FAB M1 by morphological examination were 
Leu M1-positive, whereas FAB M2 were positive in 15 of 17 
cases (88%). 

The reactivity of the reagent AML 2.23 has not previously 
been reported in acute promyelocytic leukemia (FAB M3)? 


Table 3. Reactivity Pattern of ALL with Monoclonal Antibodies 











Type (No ) B4 J5 T11 Leu 1 TdT* la 
Null+ (6) 6/6 0/6 0/6 0/6 6/6 6/6 
Common (26) 26/26 26/26 0/24 0/23 25/25 20/21 
T(13) 0/13 3/13 13/13 12/13 13/13 3/13 
Bł (6) 6/6 3/5 0/6 0/6 0/6 4/4 
Total Non-T (38) 38/38 29/37 0/36 0/35 31/37 30/31 
Total T (13) 0/13 3/13 13/13 12/13 13/13 3/13 
AML 0/79 0/75 3/76 0/76 2/86 43/63 





*Heteroantiserum. 
tcALLa negative Non-T, Non B-ALL. 
tSig* 
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Table 4. Monoclonal Antibodies for Classifying Acute Leukemia 





Acute Myeloid Leukemia 





First Line My 7/9 

2nd Linet Leu M1, My4, 
EMCcADS, la, 
PMN 6/29, 
AML 2.23 

3rd Linet FVIIIR, PLT1 
Gp IIb/Illa 





Acute Lymphoid Leukemia 
TdT* B4 Leu1/T11+ 
la J5, cu* Sig* T3, T6, T9 
Kappa* Lambda* T4, T8 


B1, B2 





*Heteroantiserum. 
tAn addition would be Leu 9, (CD7, 40 kd) 73 


tSecond and third line subsequently performed according to lineage established by the first line 


SEMcAb, erythroid monoclonal antibody; not commercially available, 


We found that all four cases of FAB M3 including a variant 
form? gave a positive reaction with AML 2.23. All of these 
cases were My4~ but the variant form was Ia* in contrast to 
the hypergranular form which was Ia~. The combination of 
Ia~, AML 2.23*, and My4- was not observed in FAB Ml, 
M2, M4, or M$. 

As previously reported," My4 reacted positively in the 
majority (90%) of cases of FAB M4 and M5. It gave a 
positive reaction in only two of 42 cases (5%) classified as 
nonmonocytic by the FAB classification and a negative NSE 
reaction. In seven cases NSE-butyrate and My4 reactivity 
were not concordant. 

Eighty-six cases which typed as AML were tested with 
anti-TdT and two cases were positive. One of the cases was 
also TIl- and sheep red cell receptor—positive and was consid- 
ered to be a case of acute mixed lineage leukemia 
(AMLL)./5***' Two further cases diagnosed as AML by the 
FAB classification showed myeloid markers plus a single 
lymphoid marker (TII) on immunophenotyping^ (See Table 
3). 

By observing certain patterns using monoclonal antibodies 
against myeloid differentiation antigens, a myeloid immuno- 
phenotype corresponding to the FAB myeloid subclassifica- 
tion was recognized for MI, M2, M4, and M5 (Table 5).** 
Figure | shows that by the immunophenotypic criteria, 8595 
of cases diagnosed as M1, 93% as M2, 81% as M4 and 100% 
as M5 corresponded to their appropriate FAB morphologic 
diagnosis The hypergranular FAB M3 appeared to be Ia, 
AML 2.23*, and My47, but our numbers are too small to 
draw a firm conclusion Criteria for the diagnosis of M6” 
and M7?95 have been published in the literature. 


Table 5. Myeloid Immunophenotypic Subclassification 





M1 My7/9-positive, Leu M1- and My4-negative 
M2 My7/9-positive, Leu M 1-positive, My4-negative 
M3a* la-negative, AML 2 23-positive, My4-negative 
M4 (a) My4-positive but less than 4596 
(b) Grey zone My4 (between 45-55%) and PMN 6/29- 
positive 
M5 (a) My4-positive greater than 55% 
(b) Grey zone My4 (between 45-55%) and PMN 6/29- 
negative 





“Too few cases to draw a firm conclusion. 


Relationship Between Immunophenotype and 
FAB Classification in ALL 


As previously demonstrated, there was a lack of correla- 
tion between the FAB L1, L2 classification and the ALL 
immunophenotype.”"*'5 Furthermore, one case classified as 
FAB L3 showed no SIg positivity and typed as cALL (B4*, 
J5*, Cu, SIg7) 59>! 

Our immunophenotypic results with acute lymphoid leu- 
kemia correspond to those reported in the literature.*!295253 
The reactivity pattern with monoclonal antibodies of 51 
patients classified as ALL are shown in Table 3. B4 was 
specific for non-T lineage ALL being positive in all patients 
tested, and negative in 13 cases of T-ALL. Anti-TdT was 
positive in all except six cases of B-ALL showing positive 
SIg. Because BA2 was positive in four out of nine cases of 
AML and two out of three cases of T-ALL, and because BAI 
was considered less reliable than B4 for subtyping Null ALL, 
both antibodies were dropped from our panel.“ Twelve cases 
(24%) diagnosed as ALL by the FAB classification showed 
lymphoid markers and a myeloid marker on immunopheno- 


typing.** 


Cases With Disagreement Between the Morphological 
Diagnosis and the Immunophenotype 


Table 6 shows the results of 14 cases where there was 
disagreement between the morphologic diagnosis and the 
immunophenotype. Thirteen of the cases were undifferen- 
tiated by cytochemical staining. Eight of the cases were 
originally unclassifiable (AUL, M1, or L2) by morphology. 


Immunophenotype 


FAB/Cytochemistry 





Fig 1. Comparison of results of the immunophenotypic 
myeloid subclassification and the FAB-cytochemical classification. 
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Table 6. Laboratory Data of 14 Patients with Disagreement Between FAB Diagnosis and Immunophenotype 








Positive Immunologic Final 
No FAB Cytochemistry Markers Immunophenotype Diagnosis 
1 M1 Myeloid Undifferentiated UD* AML 
2 M1 UD TdT, B4, J5 Common ALL ALL 
3 AULT UD TdT, B4, J5, B1, BA2 Common ALL ALL 
4 AUL UD TdT, B4, BA2, My7 Null ALL (plus My7) ALL 
5 L2 UD My9, My7, My4 AML-M4 AML 
6 M1 UD B4, B1, B2, SIgA, Lambda BALL ALL 
7 M1 UD TdT(3696), B4(2096), Leu M1, M xL MxL 
My9, My7, My4 Double label- 
ling showed separate popula- 
tions of lymphoid and myeloid 
cells 
8 M2 UD TdT, B4, J5, My7 Common ALL (plus My7) ALL 
9 AUL UD TdT, BA1, BA2 Null ALL ALL 
10 AUL UD My7, B4, (TdT Neg, la Neg) AML (plus B4) AML 
11 AUL UD TdT, B4, J5, la Common ALL ALL 
12 AUL UD TdT, B4, J5, la Common ALL ALL 
13 AUL UD TdT, B4, J5, la Common ALL ALL 
14 AUL UD My7/My9 AML (M1) AML 








*UD, undifferentiated. 
TALL, acute undifferentiated leukemia (M 1/L2) 
tM x L, dual population of myeloblasts and lymphoblasts 


In the remaining six cases there had been FAB concordance 
but the result was in disagreement with the immunopheno- 
type. One of these cases showed negative reactivity with all 
monoclonal antibodies used despite FAB MI morphology 
and strong positivity with MPO and SBB. The immunophe- 
notype included three cases with a mixed lineage phenotype? 
and a single case with a dual population of lymphoblasts and 
myeloblasts (biclonal, biphenotypic).**55 The final diag- 
nosis for therapeutic purposes of the cases with a mixed 
lineage phenotype was considered as either ALL or AML 
according to the predominant lineage observed on combined 
morphologic, cytochemical, and immunologic assessment. 


DISCUSSION 


The FAB classification'?!?!$ provides a common language 
for comparing and treating acute leukemia; however, diffi- 
culties with some of the diagnostic criteria are evident." The 
major difficulties include distinguishing MI from L2 in cases 
where cytochemical staining is negative'''*°* and M1 from 
M2?* though their distinction has been improved in the 
recent revised FAB classification. 

From our initial investigation, a panel of commercially 
available antibodies to discriminate and subtype acute leuke- 
mia was devised and is used in the Hamilton region (Table 
4). Since its initiation, the panel has been tested prospec- 
tively on 58 AL cases. It was developed to obtain the 
maximum of information using the smallest number of tests. 
In addition, the panel is performed in sequence so that the 
most useful information is likely to be derived from speci- 
mens which contain an insufficient number of cells for 
complete analysis. The first line screen is used to distinguish 
acute myeloid from acute lymphoid leukemia and to separate 
B and T lineage ALL. It will also identify some cases of 
AMLL. The second panel discriminates a rare case not 
recognized by the first panel and further subtypes acute 


myeloid and lymphoid leukemia. Cases not defined by the 
first two panels are investigated by a third panel which 
includes antibodies that recognize megakaryocyte/platelet 
differentiation or further discriminate subtypes of ALL. 

The immunophenotype will discriminate cases of acute 
lymphoid from myeloid leukemia which remain undifferen- 
tiated by cytochemistry (22% of cases) and thereby clarifies 
the majority of the disagreements (M1 v L2) noted between 
observers using the FAB classification. In addition, cases 
with a mixed lineage phenotype (13% of cases)^9 94^" and, 
less commonly, dual populations of lymphoid and myeloid 
cells («195 of cases)/9555* can be identified. It seems the 
immunophenotype should be regarded as a reliable method 
of classifying acute leukemia. Monoclonal antibodies with 
the same cluster differentiation (CD) number as defined by 
the First and Second Leukocyte Antigen Workshop®”! could 
possibly be used to replace some of the monoclonal antibodies 
utilized in our panel; however, despite their having the same 
CD number, we found differences in the reactivity of My4 
and MO2.? 

The subclassification of acute lymphoblastic leukemia by 
immunophenotyping is well-documented. 521329515 To date 
all our cases of non-T-ALL have shown B4 reactivity Null 
ALL was identified in the panel by reactivity with anti- TdT 
and B4 only, but Anderson et al'? have observed presumed 
cases of non-T ALL that were TdT* and B4". As previously 
reported the ALL immunophenotype did not correspond 
with the FAB classification 759^! 

In most previous reports using different antibodies there 
has been little correlation between the FAB myeloid sub- 
types and antigenic phenotype in AML'?9* however, the 
expression of certain antigens have correlated with the FAB 
classification.'?9! Using our immunologic panel and derived 
criteria to subtype AML, correspondence of the immunophe- 
notype to the FAB subtypes M1, M2, M4, and M5 was 
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Table 7. Criteria for FAB Myeloid Subclassification Using 
Morphology, Cytochemistry and Immunophenotype 


FAB M1 +/— 90% Blasts 
SBB, MPO >3% and/or My 7/9 >25% 
Very little maturation (< 10%), Leu M1 <25% 
M2 >30% Blasts with maturation 
> 10% More mature myeloid cells, >25% Leu M1 
<20% NSE and <25% My 4 
M3a Hypergranular Promyelocytes 
Multiple Auer rods (Wright-stain, CAE, or phase 
contrast microscopy) 
AML 2 23 >25%, la «2596, My4 «2596 
M4 >30% Blasts 
Monocytic differentiation 
NSE >20%, <80% and/or My 4 >25%, <55% 
My 4 between 45-55%, PMN 6/29 >25% 
M5 >30% Blasts 
Monocytic differentiation 
NSE >80% and/or My 4 >55% 
My 4 between 45-5596, PMN 6/29 «2596 
M6 >30% Blasts (Nonerythrord population) 
>50% Erythroid precursors (Total marrow cells) E 
McAb positive 
M7 >30% Blasts 
PLT1, or PLM 1, or FVIIIR >25% blasts positive 








possible in over 80% of cases (Fig 1). Using the immunophe- 
notype together with the FAB morphology and cytochemis- 
try (Table 7) it is possible to obtain almost perfect concor- 
dance between observers.” It should be emphasized that this 
scheme is based on the testing of a relatively small sample 
(75 AML cases). Combining FAB MI, M2, and M4 as 
so-called M7** is unnecessary when using the combined 
FAB/immunophenotypic classification as the various 
myeloid subtypes can be distinguished. 

Should all cases of acute leukemia be immunopheno- 
typed? A major difficulty of the FAB classification is 
encountered in cases with negative cytochemical staining 
This was found in 30 of our 138 cases (22%) Though our two 
observers were concordant in 20 of these 30 cases, in five of 
the concordant observations there was disagreement between 
the concordant FAB classification and the immunopheno- 
type. Of the remaining ten cases, eight were undifferentiated 
(M1 or L2). Immunophenotyping may therefore be useful in 
the cases with negative cytochemistry. Clarifying the diag- 
nosis in this group of patients will allow therapy to be given 
according to the type of leukemia diagnosed. A controlled 
study will be required to ascertain whether this results in an 
improved therapeutic outcome. Acute mixed lineage leuke- 
mia is found in 13% of our cases and could rarely be 
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recognized without immunophenotyping. If therapeutic out- 
come with standard therapy is found to be inferior to 
outcome in single lineage leukemia in future studies (in 
progress), an argument could be made for applying immuno- 
phenotyping to all cases of AL. 

At this time, the immunophenotype cannot be regarded as 
the "gold standard" for classifying all cases of acute leuke- 
mia. Unfortunately, there is no “gold standard." To date, the 
most widely accepted classification system has been the FAB 
classification and for this reason the design of this study was 
to compare the immunophenotyping of acute leukemia with 
the FAB classification. The purpose of our paper is to provide 
data which may improve current systems." The process will 
hopefully help to establish a classification with biologic 
meaning or prognostic relevance; however, further controlled 
studies will have to be done to determine whether therapeutic 
decisions based upon immunophenotyping in adults improve 
the outcome as is possible in ALL in childhood.*® Such 
studies cannot be done until the classification is firmly 
established. 

The possibility that the antigenic phenotyping of AML 
with monoclonal antibodies may identify groups which are of 
prognostic importance has been recently reported. A 
correlation with Myl reactivity and successful remission 
induction has been suggested.* In addition, Griffin has noted 
a correlation of My7 reactivity with poor prognosis in AML, 
an observation noted previously with My4.°! The FAB classi- 
fication has only been minimally successful in identifying 
groups of clinical relevance. 

Following the recent introduction of probes to test for 
rearrangement of the immunoglobulin or T cell antigen 
receptor genes, it seemed that a test would be available to 
distinguish acute lymphoid from myeloid leukemia with 
certainty; however, recently immunoglobulin and T cell 
antigen receptor rearrangement have been noted in cases 
with the AML phenotype.*" Thus in cases with a somatic 
rearrangement of the immunoglobulin or T cell antigen 
receptor gene, acute lymphoid leukemia may be suspected 
but is not proven. Cases with a germ-line configuration on 
DNA analysis would suggest nonlymphoid leukemia.'* The 
addition of karyotyping to the morphological and immuno- 
logic assessment should also contribute to the detailed cellu- 
lar phenotype in acute leukemia.!^" 
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Decreased Incidence of Marrow Graft Rejection in Patients With Severe Aplastic 
Anemia: Changing Impact of Risk Factors 
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Keith M. Sullivan, Karen Sheehan, Jean Sanders, Eric Mickelson, and E. Donnall Thomas 


Patients with severe aplastic anemia were conditioned 
with cyclophosphamide (200 mg/kg) and given marrow 
grafts from HLA-identical family members. Among 233 
patients transplanted, 225 survived 714 days and could be 
evaluated for engraftment. Forty-four of the 225 rejected 
their graft; 33 of these died and 11 survive. One hundred 
eighty-one patients had sustained engraftment; of these, 
46 died and 135 survived. Binary logistic regression analy- 
ses revealed five risk factors for graft rejection: (a) year of 
transplant, (b) a large number of platelet transfusions, (c) a 
positive relative response in mixed leukocyte culture, (d) a 
low marrow cell dose, and (e) omission of donor buffy coat 
cell infusion for transfused patients. These data show that 
patients transplanted recently had a lower likelihood of 


ARROW TRANSPLANTATION ıs an effective 
treatment for patients with severe aplastic anemia. 
While initially 25% to 45% of patients became long-term 
survivors,'? more recent reports indicate that 60% to 80% of 
patients with aplastic anemia are cured by allogeneic mar- 
row transplantation.~ To a great extent, this progress is the 
result of a reduction in the incidence of marrow graft 
rejection from 30% to 60% down to 15%, due to the use of 
donor buffy coat cells or more intensive preparative regi- 
mens. During the past 4 to 5 years, we noticed a further 
decrease in the incidence of marrow graft rejection in 
transfused patients, to ~5%. This change occurred even 
though we continued to use our standard regimen of cyclo- 
phosphamide and postgrafting immunosuppression, consist- 
ing of methotrexate either alone or combined with cyclospo- 
rine. This observation prompted us to reexamine factors 
potentially associated with marrow graft rejection. 


MATERIALS AND METHODS 


From October 1970 through December 1984, 233 patients with 
aplastic anemia referred to the Fred Hutchinson Cancer Research 
Center were conditioned with cyclophosphamide and received a 
marrow transplant from an HLA-identical family member. Eight 
patients died <14 days after transplant from infections or heart 
failure ^ They could not be evaluated for engraftment and are 
excluded from the present analysis. Patient and donor characteris- 
tics on the remaining 225 patients included in the analysis are 
summarized in Table 1 HLA identity of marrow donor and patient 
was determined by serologic typing for HLA-A, B, and C, and by 
nonreactivity of donor and patient lymphocytes in mixed leukocyte 
culture (MLC) The response of patient cells to donor cells in MLC 
was compared with the response of patient cells to cells from 
unrelated donors and expressed as a relative response (RR). The 
average RR ina control group of 212 healthy HLA-identical siblings 
was 0.0 + 2.6% (mean + 2 SD). On this basis, a positive response 
was defined as an RR of >2.6%."* 

Patients were conditioned with cyclophosphamide, 50 mg/kg/day 
for 4 consecutive days. The 49 previously untransfused patients 
were given marrow only. Among 176 transfused patients, 90 were 
given marrow only, and 86 were given marrow plus viable donor 
buffy-coat cells. Initially, buffy coat cells were given to patients with 
positive in vitro sensitization tests.'® Subsequently, all previously 
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graft rejection than did patients transplanted in earlier 
years. Conceivably, this was related to changes in transfu- 
sion practices, but other factors as yet unidentified are 
likely to be involved. The data confirm that the largest 
possible number of marrow cells should be transplanted. 
Although the difference in the incidence of graft rejection 
between untransfused and transfused patients was not 
significant, it should be noted that transfused patients 
were given buffy coat cells. Because the addition of buffy 
coat cells results in a higher incidence of chronic graft- 
v-host disease (GVHD), it is still desirable to transplant 
patients with marrow alone early in their course before 
they have been transfused. 

o 1986 by Grune & Stratton, Inc. 


transfused patients were given buffy coat cells, regardless of in vitro 
test results.’ 

For graft-v-host disease (GVHD) prophylaxis, 186 patients were 
given intermittent methotrexate for 3 months," 13 were given daily 
cyclosporine starting on day —1, continued in gradually reduced 
doses for 6 months*!5; 25 were given the same regimen of cyclospo- 
rine plus four doses of methotrexate on days 1, 3, 6, and 11 after 
transplant.5!? 

Patients were monitored for evidence of engraftment or graft 
rejection by daily peripheral blood cell counts, weekly determina- 
tions of marrow cellularity, and intermittent monitoring of genetic 
markers such as cytogenetic analysis of peripheral blood and marrow 
cells, RBC antigen and enzyme phenotypes, and immunoglobulin 
allotypes.!?!6 

Informed consent was obtained from all patients. All marrow 
transplant protocols were approved by the Institutional Review 
Board of the Fred Hutchinson Cancer Research Center. 

Analyses of graft rejection rates considered 20 factors, as listed ın 
Table 2. Standard contingency table methods and binary logistic 
regression methods were used” The binary logistic regression 
method allowed several potential prognostic variables to be related 
simultaneously to graft rejection. Specifically, the odds for graft 
rejection (probability of graft rejection/1 minus probability of graft 
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Table 1. Patient and Donor Characteristics 











Datum Value 

Number of patients studied 225 
Age in years, range (median) 2-60 (19) 

25th percentile 13 

75th percentile 27 
Sex (M/F) 126/96 
Etiology of aplastic anemia 

Idiopathic 159 

Chemical 20 

Hepatitis 16 

Drugs 15 

Fanconi's 7 

Paroxysmal nocturnal hemoglobinuria 4 

Pregnancy 4 
Duration of disease (mo) 

Range (median) 0-224 (1 6) 
Previously transfused 176 

Untransfused 49 
Previous therapy with 

Androgens 98 

Steroids 115 
Refractory to random donor platelets 60 
Relative response (96) * 

Positive (72.6) 25 

Negative (x2 6) 185 
Donor/patient sex 

M/M 69 

M/F 43 

F/M 60 

F/F 53 
Donor/patient ABO 

Match 168 

Mismatch 57 
Donor buffy coat infusion 86 


Marrow cell dose (x 1079/kg), range (median) 0 61-15.5 (3.2) 


Number of patients, unless indicated otherwise. 
*|n 15 patients, this information was not available 


rejection) were expressed as a product of a baseline rate multiplied 
by a factor for each of the predictor variables included in the 
analysis. The method produced maximum likelihood estimates of the 
odds ratio associated with each variable. These estimates compared 
the odds of graft rejection associated with any specified level of a 
variable with the odds at a base level (specified by the data analyst). 
The method also produced tests of the hypothesis that the odds ratio 
function for each variable was equal to unity (ie, the hypothesis of no 
association between the variable and graft rejection after “accom- 
modating" the other variable in the analysis). The possibility that 
the odds ratio for one variable may depend on the level of the second 
variable could be accommodated either by adding product terms to 
the regression equation or by restricting the analysis to patients with 
specified levels for the second variable. Asymptotic likelihood meth- 
ods were used to calculate SE and significance levels. 


RESULTS 


Graft rejection and survival Forty-four patients 
rejected their grafts, and 181 had sustained engraftment. 
Graft rejection was the most important factor determining 
long-term survival: 73% for patients with engraftment and 
27% for patients with graft rejection (Fig 1). All patients 
with engraftment have remained complete chimeras, as 
determined by blood genetic markers. Among 11 patients 


DEEG ET AL 


who survived after rejection, 4 showed recovery of autologous 
marrow function, and 7 had successful second marrow 
grafts. 

Analysis of previously recognized risk factors. There 
was a decrease in the incidence of rejection in virtually every 
category of every risk factor examined; still, any transfusion 
prior to transplantation was associated with increased rejec- 
tion (Table 2). There was a positive correlation between the 
number of units of platelets or red blood cells transfused and 
the probability of graft rejection. Other factors had a similar 
impact to that described previously (Table 2). 

Year of transplant. In addition to previously recognized 
factors, the year of transplant had a significant effect, ie, 
patients transplanted in recent years had a lower incidence of 
rejection than did patients transplanted in earlier years. This 
effect of year of transplant was not explained by secular 
trends of previously identified risk factors. Therefore, we 
analyzed further the factors for which the initial analysis 
suggested some changes: transfusion and transfusion prod- 
ucts. 

Analysis of transfusion products. Among patients clas- 
sified as transfused, there was a shift toward fewer transfu- 
sions of platelets and RBCs (Table 3). A test for association 
between year of transplant and number of transfusions 
(fewer transfusions in recent years) was significant for 
platelets (P —.02) but not for RBCs (P=.2). Some 
patients had been transfused on more than eight or ten 
occasions, but the exact number of transfusions could not be 
determined. They were included as “multiple” in the group 
given =40 U. We also examined whether the type of RBC 
transfusions given changed over time. For this purpose, we 
reviewed all patient charts to determine whether pretrans- 
plant patients had been transfused with whole blood, packed 
RBCs, frozen/washed RBCs, or leukofiltered RBCs. There 
was a trend toward fewer transfusions of any type in recent 
years, and no significant shift in favor of one transfusion 
product was observed (data not shown). Further analyses 
were impractical since patients usually had recived more 
than one type of transfusion product. 

Binary logistic regression analyses. We then carried out 
binary logistic regression analyses to separate those factors 
that predicted graft rejection from those for which an 
association might exist on the basis of other characteristics. 
Results are summarized in Table 4. Analyses were carried 
out for all patients on whom data on relative responses in 
MLC were available, and separately ın transfused patients 
and in the subgroups of transfused patients not given buffy 
coat cells. There was an inverse correlation between the 
number of marrow cells and the incidence of rejection for all 
three patient populations, and the infusion of buffy coat cells 
had a positive effect The relative response of lymphocytes in 
MLC was significantly associated with graft rejection for all 
patients. Donor sex, previously found to be a significant 
factor, was not significant. 

The incidence of rejection among untransfused patients 
was similar to that reported previously," but the incidence 
among transfused patients had decreased from 26% to 11% 
and was no longer significantly different from that in 
untransfused patients 
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Table2 Risk Factors and Incidence of Marrow Graft Rejection in Univariate Analysis 
Patients with Rejection/ 
Factor* Category Patients Studied (96) t P Valvet 
Year of transplant «1975 11/39 (28) 
1975-1977 19/69 (28) 
1978-1980 7/52 (14) 
1981-1984 7/65 (11) «0.01 
Transfused Yes 39/176 (22) 
No 5/49 (10) 0.09 
Platelet transfusions 0 8/55 (14) 
(no. of units) 1-4 2/12 (17) 
5-9 4/31 (13) 
10-19 5/32 (16) 
20-39 2/23 (9) 
z40 or multiple& 23/72 (31) 0.02 
RBC transfusion 0 5/46 (11) 
(no. of units) . 1-4 9/69 (13) 
5-9 6/38 (16) 
10-19 9/27 (33) 
20-39 5/17 (29) 
z40 or multiple 10/28 (37) «0.01 
Refractory to random donor Yes 17/60 (28) 
platelet transfusions No 27/164 (16) 0.03 
Unknown 0/1 (0) 
Treatment with androgens Yes 25/98 (26) 
No 19/127 (15) 0.02 
LAF room Yes 11/81 (14) 
No 33/144 (23) 0 03 
Patient ABO group A 20/70 (29) 
B 7/28 (25) 
AB 0/8 (0) 
(0) 17/119 (14) 0.04 
Relative response (96) «26 25/185 (14) 
22.6 15/25 (60) «0.001 
Bone marrow cell dose <2 10/32 (31) 
(x 107°/kg) 2-2.9 15/66 (23) 
3-3.9 9/56 (16) 
4-5.9 9/47 (19) 
z60 1/24 (4) 0.08 
Buffy coat cells Yes 8/86 (9) 
No 36/139 (26) «0.01 
GVHD prophylaxis Methotrexate (MTX) 40/186 (21) 
Cyclosporine (CSP) 1/13 (8) 
MTX 4- CSP 3/25 (12) 0.8 


LAF, laminar arr flow. 


*Donor/patient sex combination, patient age, donor ABO group, donor/patient ABO mismatch, interval from diagnosis to transplant, previous steroid 
therapy, etiology of aplastic anemia, and type of RBC transfusion used (details in Table 4) were not signrficant. 

tin some patients, the relevant information was not available; therefore, the numbers in each group do not total 40/225. 

tSignificance levels are based on uncorrected chi-square statistics for 2 x K contingency tables. 

§Multiple. patients were multiply transfused, but the exact number of transfusions was not known. 


Among transfused patients there was a positive correlation 
between the amount of platelets transfused and the probabil- 
ity of graft rejection. Patients who had received <40 U (ie, 
five to six transfusions) had an incidence of rejection signifi- 
cantly lower than that of patients given more transfusions. 

The year of transplantation had an impact in all patient 
groups and was most significant in transfused patients 
Patients transplanted since 1980 had an incidence of rejec- 
tion significantly lower than that of patients transplanted 
earlier, even after simultaneous adjustment was made for 
other risk factors such as number of platelet transfusions and 


infusion of buffy coat cells. Other factors for which univar- 
iate analysis (Table 2) had suggested a significant effect 
were no longer significant. 


DISCUSSION 


The current analysis was prompted by the observation in 
recent years of a markedly decreased incidence of marrow 
graft rejection in patients with severe aplastic anemia.‘ 
Statistical analysis identified year of transplant as an inde- 
pendent “risk factor" for graft rejection. No clear explana- 
tion for this secular trend was apparent. In contrast to 
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among patients with severe aplastic anemia conditioned with 
cyclophosphamide and given a marrow graft from an HLA-identical 
family member. Shown are data on 181 patients with sustained 
engraftment and 44 who rejected their first graft (survival as of 
July 1, 1985). 


suggestions made by others,®” the use of postgrafting cyclo- 
sporine had no significant effect on sustained engraftment, 
which was similar in patients given a standard regimen of 
methotrexate after grafting.® Pregrafting transfusion per se 
was no longer a significant risk factor. Indeed, in recent 
years, graft reyection in transfused patients overall, albeit 
with the addition of buffy coat cells, has declined to the same 
level as that observed in untransfused patients.?! The proba- 
bility of rejection was significantly increased in patients 
given large numbers of platelet transfusions, however. 
Although direct proof is difficult to provide, the decrease 
in graft rejection may have been related to changes in 
transfusion practices We showed in a canine model of 
DLA-identical littermates that transfusion of leukocyte- 
depleted platelets or RBCs, rather than whole blood, 
decreased the probability of sensitization and subsequent 
marrow graft rejection? An involvement of donor leuko- 
cytes in recipient sensitization has also been suggested by 
human studies on platelet refractoriness.” Furthermore, 
pretransplant transfusions from family members are now 
avoided." Whole blood transfusions are not commonly used; 
frequently, leukocyte-poor preparations, sometimes obtained 
from single donors, are substituted. In addition, longer 
storage times for RBCs and platelets have been adopted in 
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recent years. The number and stimulating ability of leuko- 
cytes in transfusion products are known to decline with 
time.?? Thus, these approaches may decrease the incidence 
of sensitization, especially against the marrow donor, in the 
transfusion recipient. Consequently, the incidence of rejec- 
tion would be similar in transfused and untransfused 
patients The observation that year of transplant was most 
significant for transfused patients but less so for untrans- 
fused patients was also in agreement with this probability 
(Table 4). 

The antigens responsible for sensitization and graft rejec- 
tion remain to be determined. Whether platelet-associated 
antigens are involved is not known. Differences in RBC 
antigens between donor and recipient have generally not 
been found to be associated with marrow graft rejection.” 
Results in dogs suggest that at least two polymorphic non- 
DLA antigen systems expressed on leukocytes are involved.” 
The relevant antigens? appear to be expressed on cells with 
accessory function in vitro”? and possibly in vivo.” Cells 
inducing sensitization in vivo may be those that stimulate the 
increased response of host cells in MLC in vitro In apparent 
agreement with this reasoning was the observation that in 
recent years very few transfused patients had a positive 
relative response as compared with an incidence of 20% to 
30% in earlier years.!??* 

Beyond the influence of transplant year and number of 
platelet transfusions, the present analysis confirmed three 
previously identified risk factors. The significance of a 
positive relative response in MLC probably cannot be com- 
pletely separated from the effect of pretransplant transfusion 
and has been discussed above. The effect of marrow cell dose, 
although confirmed, was less prominent than in previous 
analyses." This may be due in part to a statistical artifact. 
Because marrow cell dose was initially identified as a risk 
factor by an exploratory analysis, some decline of its effect 
over time should be expected. 

Previous studies have shown that patients given buffy coat 
in addition to marrow cells rejected their grafts less fre- 
quently (14%) than did those given marrow only (32%),'* a 
finding confirmed in the present analysis Patients not given 
buffy coat cells had a risk of graft rejection more than 
twofold higher than that of patients who received buffy coat 


Table 3. Distribution of Numbers of Units of Transfused Platelets and RBCs by Year of Transplant Among Transfused Patients 


Year of Transplant 








<1975 1975-1977 1978-1980 = = 1981 
Transfuston Product No of Units No of Patients 

Platelets 0-4 2 6 5 12 
5-9 6 5 4 11 

10-19 8 7 8 8 

20-39 9 5 5 4 

2=40 or multiple* 12 33 8 18 

Red blood cells 0-4 12 16 13 25 
5-9 8 12 5 13 

10-19 9 6 5 7 

20-39 3 10 3 1 

z-40 or multiple 5 12 4 7 





*|n several multiply transfused patients, the exact number of transfusions given could not be determined. 
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Table 4. Binary Logistic Regression Analyses of Factors Associated With Graft Rejection in 210 Patients 





Odds Ratio Estimate 








Transfused Patients 





All Patients Transfused Patients Without Buffy 
Covariate* (n = 210 (n = 165)1 Coat (n = 86)8 
Marrow celi dose (x 107*/kg)|| 0.78 ( 04) 0.77 (.04) O 70 (.04) 
Relative response (0 = negative, 1 = 
positive) 5 83 (<.01) 6.81 (« 01) 9 08 (<.01) 
Buffy coat cells (O = yes, 1 = no) 2.69 ( 03) 2.35 (.08) — 
Platelet units (0 = «40, 1 = =40 or 
multiple) 2.38 (.05) 2.44 ( 05) 2.70 ( 08) 
Year of transplant (O = transplant year 
21980, 1 = tranplant year > 1980) 0.43 (.07) 0 31 (.03) 0.39 ( 18) 
Untransfused (0 = no, 1 = yes) 0.64 (0.44) — — 





*Other covariates entered into the regression analysis but found not significant at the 596 level were patient age, patient sex, donor sex, untransfused, 
RBC units, laminar arr flow room, prior treatment with androgens, refractory to random donor platelets, months from diagnosis to transplantation, ABO 
mismatch, patient ABO, and interactions between year of transplant and all other covariates in the model. 

+Two hundred ten patients with known relative response, 40 of whom rejected their graft. 

tOne hundred sixty-five patients with known relative response, 35 of whom rejected their graft. 

§Eighty-six patients with known relative response who received buffy coat cells; 27 rejected their graft. 

|The odds of rejection were estimated to decline by a factor of O 78 with each increase in marrow cell dose of 1 x 10°/kg. 


{Significance level for testing odds ratio = 1. 


cells. Indeed, our analysis suggests that the beneficial effect 
of buffy coat cells has increased over time. In a recent 
analysis limited to pediatric patients (aged <17 years), the 
addition of buffy coat cells was not associated with decrease 
in rejection as compared with rejection in patients given 
marrow only.? This question requires further study, espe- 
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Fig2. Decline of the incidence of graft rejection over time. At 
the top of each column the number of patients rejecting/total 
number of patients transplanted is shown. 


cially since the infusion of buffy coat cells is associated with 
an increased incidence of chronic GVHD.* 

The influence of donor sex on engraftment has been 
controversial. We found previously that grafts from male 
donors were rejected more frequently than were grafts from 
female donors!*; however, the opposite association was 
reported by the International Marrow Transplant Registry 
and the European Bone Marrow Transplant Group.””’ The 
present finding of no effect of donor sex on engraftment is in 
agreement with yet another report by the European Marrow 
Transplant Group.” Again, one should keep in mind that 
some of the associations described above were the products of 
exploratory data analyses including a number of additional 
potentially predictive factors. Therefore, corresponding sig- 
nificance levels must be interpreted conservatively. 
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bcr Rearrangement and Translocation of the c-ab] Oncogene in Philadelphia 
Positive Acute Lymphoblastic Leukemia 


By A. De Klein, A. Hagemeijer, C.R. Bartram, R. Houwen, L. Hoefsloot, F. Carbonell, L. Chan, M. Barnett, M. Greaves, 
E. Kleihauer, N. Heisterkamp, J. Groffen, and G. Grosveld 


The Philadelphia (Ph') chromosome, the cytogenetic hall- 
mark-of chronic myeloid leukemia (CML), has also been 
detected in a significant number of acute lymphoblastic 
leukemias (ALL). Using in situ hybridization, we demon- 
strate that in accordance with observations in CML the Ph’ 
chromosome in ALL patients is the result of a consistent 
translocation of the c-ab/ oncogene to the Ph! chromo- 
some. Southern blot analysis using ber probes, however, 
suggests that Ph'-positive ALL includes heterogeneous 
leukemic subtypes: six ALL patients showed bcr rearrange- 
ments as observed in CML; in three other patients recom- 
bination involving 5' bcr sequences could be demonstrated, 
but the corresponding translocated 3' bcr sequences were 


HE PHILADELPHIA (Ph!) chromosome, an abnormal 
chromosome 22, is strongly associated with one type of 
human leukemia, chronic myeloid leukemia (CML).'? It is 
found in the leukemic cells of more than 90% of all CML 
patients, both in the chronic and acute (blast crisis) phase of 
the disease.’ The Ph! chromosome has also been reported in 
other malignant hematopoietic disorders! including dif- 
ferent subtypes of acute leukemias in which no preceding 
chronic phase has been observed.>* The Ph! chromosome is 
found in the leukemic cells of 2% to 3% of the patients 
presenting with acute myeloid leukemia (AML) and a 
similar incidence (2% to 6%) is reported for childhood acute 
lymphoblastic leukemia (ALL). In adult ALL the Ph! 
chromosome is the most frequent chromosomal abnormality 
with an incidence of 17% to 25%.*"' The clinical distinction 
between blast crisis of CML and de novo Ph'-positive acute 
leukemia is not always clear.^!?? However, at the time of 
blast crisis the majority of the CML patients exhibit a 
karyotypic evolution characterized by additional] nonrandom 
chromosomal aberrations such as trisomy 8 and 19, a second 
Ph! or isochromosome 17q.? Furthermore, the presence of 
Ph'-negative cells in the bone marrow during the acute phase 
and the elimination of Ph!-positive cells from the bone 
marrow during remission are typical features of cases pre- 
senting as Ph'-positive acute leukemias with no known prior 
CML. 

In CML as well as in acute leukemias, the Ph! chromo- 
some usually results from a translocation between chromo- 
some 9 and 22t(9;22)(q34;q11). Previous studies using the 
leukemic cells of Ph'-positive CML patients indicated that in 
CML this translocation is reciprocal. A consistent translo- 
cation of the human c-ab/ oncogene, normally located on 
chromosome 9q34, to the Ph! chromosome was observed in 
standard and variant translocations.? In all these Ph'- 
positive CML patients the c-ab/ oncogene was translocated 
to a specific, limited area on chromosome 22, the breakpoint 
cluster region (bcr). Recently we have established that bcr 
is part of a gene" and as a consequence of the Ph!- 
translocation the “ber” gene located in this area is disrupted 
and c-abl sequences are linked to the 5’ ber sequences. 
Transcription of this DNA segment results in a new 8.5-kb 
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not detectable. A third group of five patients did not show 
any bcr rearrangements at all. Northern blot analysis using 
RNA from three Ph'-positive ALL patients revealed that in 
the leukemic cells of two patients larger c-ab/ mRNA 
transcripts were present, as in CML. In the RNA of one 
patient without a detectable bcr rearrangement, only the 
normal c-ab/ mRNA transcripts are present. The observed 
heterogeneity in bcr rearrangements of this group of 
Ph'-positive ALL patients is in contrast with the consistent 
results obtained in more than 50 Ph'-positive CML patients 
investigated in chronic and acute states. 

o 1986 by Grune & Stratton, Inc. 


mRNA species, which contains 5' bcr and 3' c-abl 
sequences 77? 

Since the Ph! chromosomes of CML and acute leukemias 
are cytogenetically indistinguishable, it was of interest to 
investigate whether the described molecular aspects of the 
Ph' chromosome in CML are also present in Ph'-positive 
acute leukemia. Here we report studies on the Ph! chromo- 
some in ALL patients which demonstrate that similar molec- 
ular characteristics can be found in some but not all Ph’- 
positive ALL patients. 


MATERIAL AND METHODS 


Patients We investigated the leukemic cells of 22 ALL patients 
referred to the cytogenetic units at Rotterdam (patients R1 through 
R7), Ulm (patients Ul through U6) and London (patients L1 
through L9). The ALL diagnosis was based on clinical and hemato- 
logic data, bone marrow morphology, cytochemistry, and immuno- 
logic studies of the blast cells Patient R1, a 23-year-old female, was 
studied during complete remission of Ph'-positive cALL. Cytoge- 
netic studies revealed a normal karyotype (46,XX). Relevant clini- 
cal, hematologic, and cytogenetic data of all other patients are given 
in Tables 1, 2, and 3. 
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Table 1. Ph!-Negative ALL Patients 



































Cytogenetics 
Patient Age/Sex WBC 96 Blast Cells Rearranged 

No (Years) 10?/L BM PB Immunophenotype Analyzed Karyotype ber* 

L2 19M 4.3 95 51 cALL 20 46, XY — 

L3 44M 16.0 50 25 ALL 20 46, XY — 

L4 67F 60.6 80 78 T-ALL 20 46, XX — 

L5 36 M 70.4 99 89 cALL 20 46, XY — 

L6 25M 15 1 99 57 cALL 50 46, XY — 

L7 17M 217 95 69 cALL 8 46, XY — 
Abbreviations: BM, bone marrow; PB, peripheral blood, WBC, white blood cells. 
*No bcr rearrangements. 
pUnclassified ALL. 

Table 2. Ph'-Positive ALL Patients 
Cytogenetics 
Patient Age/Sex Survival WBC UN Blaster Cells 96 Ph'  Rearranged 

No (Years) Week 10°/L BM PB Immunophenotype Material Analyzed Karyotype* Cells ber 
L8 19F 44 227 90 90 cALL BM 20 46,XX Ph! 90 T 
L9 52F 28 1210 84 86 cALL BM 30 46,XX Ph’ 80 + 
R2 3M 67 88.2 87 89 cALL PB 45 46,XY,t(9;22)(q34;q11) + add 91 — 
R3 41M 54 9.0 95 45 cALL BM 80 46,XY,t(9;22)(q34;q11) + add 55 - 
R4 19M 46 3.6 99 45 cALL BM} 30 46,XY,t(14;22)(q32:q1 1) 83 - 
R5 43M 30 12 65 6 cALL BM/PB 34 45,XY,t(9,22)(q34;q1 1) + add 70 - 
U1 38 F 28 238 80 42 ALL§ PB 30 46,XX,t(14;22)(p22;q1 1) 30 + 
U2 44M 64 2020 90 93 mixed AL || PB 31  46,XY,t(9;22)(034;q1 1) 81 + 
U3 39M 48 1290 50 15 mixed ALI BM 40 46,XY,t(5;9:22)(q13;q34;q11) 100 T 
U4 31M 12t 980 89 63 cALL PB 30 46,XY,t(9;22)(q34;q1 1) 100 + 
U5 21M 12+ 340 77 34 ALLS BM 20 46,XY,t(9;22)(q34;q1 1) 100 ND 





For abbreviations see Table 1; —, no ber rearrangements; + with ber rearrangements. ND, no data available. 

“Ph! stands for 22q— without further information of karyotype changes. 
The more complex karyotypes were as follows R2: 46,XY,t(9;22), t(3;9)(q26,p21), t(4;9q+)(p14,q21), t(5;:17)p14;q11); R3. 46,XY, 
1(9;22)(12.596)/47,XY,1(9,22), +22q—(11%)/49,XY,t(9,22), +18, +21, +22q—(31.5%), R5 45,XY, t(1,9)(q25,p21), —8, 9p+q+ 
[8qter — q13: 9p21 — q34::22q11 — ater], 22q—. 

tWas known as Ph'-posrtive CML at age 9, achieved clinical remission and normal blood count until age 19. 

Frozen BM from diagnostic phase after Ficoll. 

§ Unclassified ALL. 

Both cALL-antigen- and various myeloid-antigen—positive cells. 


Table 3. Ph'-Positive ALL Patients Studied in Acute and Relapse Phases 





Cytogenetics 





Survival % Blasts a SP 
Patient Age/Sex Weeks(w) WBC .—— — —. Cells (+)  Rearranged 
No (Years) Years (y) 10°9/L BM PB  Immunophenotype Material Analyzed Karyotype Celis bcr 
R6 61F 56w 209 75 60 cALL BMD 38 46,XX,t(9; 1 1;22)(q34;p15;q1 1) 60 + 
28.5 90 67 cALL BM R* 57 idem/49,XXX,t(9,11;22),3p—,6q—, 51/32 + 
+7,+8p—,+21 
U6 23M 48w 66.0 95 71 cALL PBD 15 46,XY,t(9;22)(q34:q11) 53 + 
ND ND ND cALL PB Rt ND ND ND + 
L1 31M 11y 102 90 94 cALLT ND ND ND ND + 
175 2 (0) CML BMS 20 46,XY,Ph' 100 ND 
R7|| 50F 156 w 337 61 71 cALL BM 32 46 ,XX,t(9; 14;22)(q33;q32;q1 1) 60 — 
898 3.2 4 CML BM 21 46,XX,t(9;22)/46,XX,9q+,(22q—) 70/30 + 





Abbreviations: see Table 1 D, diagnostic; R, relapse, ND, no data available. 

*Relapse ALL occurred after 11 months of clinical complete remission, but a Ph'-positive bone marrow. 

fRelapse ALL occurred after complete remission with Ph'-negative bone marrow. 

tCommon ALL immunophenotype but hematologic diagnosis of acute undifferentiated leukemia. 

§CML occurred after 4 years of complete remission. 

|The karyotype of the ALL phase has been published.?? During the 28 months of complete remission cytogenetic analysis of the bone marrow showed 
a normal karyotype with a residual standard t(9,22) in three out of 220 metaphases karyotyped. Leukemia relapsed as a Ph'-positive AML that, after 
treatment, transformed tn CML, chronic phase Fatal myeloid blast crisis occurred 4 months later 


bcr REARRANGEMENTS IN PH'-POSITIVE ALL 


Southern blot analysis. DNA was prepared from bone marrow 
or peripheral blood samples as described.* DNA (10 ug) was 
digested with restriction enzymes, electrophoresed on 0.7% Agarose 
gels and blotted according to Southern.” Isolation of probes, hybrid- 
ization, and washing conditions were as described in previous 
publications.'*'5 The ber probes used are indicated in Fig 1. 

In situ hybridization. Metaphases obtained from bone marrow 
or peripheral blood for cytogenetic analysis of the leukemic cells 
were also used for in situ hybridization. Technical procedures and 
c-abl probes used were as described.” 

In one case (U3), where the banding was poor, grain distribution 
on the chromosomes not involved in the translocation was calculated 
for the chromosomes in morphological groups (A, B, C, etc). In cases 
of mosaicism (R5, R6) only the hybridization data on the Ph'- 
positive metaphases have been tabulated. The expected number of 
grains based on the relative DNA content of the given chromosome 
according to Mendelsohn?” was corrected for sex and translocation of 
part of chromosomal material. 

RNA analysis. Total RNA was isolated using the LiCl/urea? 
method (K562, Hela, human testes, and bone marrow of ALL 
patient U6) or using the guanidine thiocyanate? method (bone 
marrow of patient R6 and peripheral blood of patient R2). Twenty 
ug of total RNA was electrophoresed on a 1% agarose gel in the 
presence of formaldehyde. After blotting, the nitrocellulose filters 
were hybridized to c-abl and bcr probes as described.” Recombinant 
plasmid and cosmid clones were handled under the containment 
conditions following the guidelines of the Dutch Committee on 
Recombinant DNA Research. 


RESULTS 


bcr Rearrangements in ALL patients. DNA from the 
leukemic cells of 21 different ALL patients was screened on 
Southern blots using the bcr probes I to IV indicated in Fig 1. 
In the DNA of six ALL patients having leukemic cells 
without a Ph' chromosome or other karyotypic markers 
(Table 1), no rearrangements of the bcr could be detected. 
Bglll-digested DNA, hybridized to bcr probes I and Ill, 
showed a hybridization signal with the normal 5.0-kb Bglil 
fragment on chromosome 22 (L4, shown in Fig 2A). Similar- 
ly, Hindll-digested DNA showed the normal 10.0-, 1.8- and 
4.5-kb fragments after hybridization with probes I, II, and 
IH, respectively (data not shown). Additional hybridizing 
bands were not observed. 

One case (R1) of Ph'-positive ALL was studied after 
achievement of complete remission. Cytogenetic studies of 
bone marrow cells revealed a normal karyotype (46, XX). In 
the DNA made at this Ph'-negative stage, only the normal 
bcr fragments were detected (Fig 2B). Of the 15 ALL 
patients showing a Ph! chromosome either in the acute or in 


Tib 


Fx 





Fig 1. Restriction enzyme map of the human bcr locus on 
chromosome 22. BamHI = Ba, Bgí ll = Bg, EcoRI = E, Hind Ill = H. 
The 5.8-kb bcr indicated on top is artificially divided into five 
subregions (0-4). The probes used are indicated by solid boxes 
below the map. |, 2.0-kb Bg-H: H, 1.2-kb H-Xholl; ill, 1.2-kb H-Bg; 
IV, 0.3-kb Bg-E. 
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the relapse phase, listed in Tables 2 and 3 the DNA of 14 
patients was studied. Using different digests and probes we 
could detect ber rearrangements in the DNA of nine of these 
patients. In five patients no ber rearrangements were 
observed. In the DNA of eight Ph'-positive ALL patients ber 
rearrangements were observed. In three of these DNAs (U3, 
U4, and R6) only the newly generated fragment present on 
chromosome 22q— could be detected (R6, Fig 2E) besides 
the normal 5.0-kb BglII fragment. The rearranged 3° ber 
sequences (translocated to the 9qg+ chromosome in CML) 
are not visible, Of patients R6 and U6 (Table 3) material was 
available from a relapse ALL phase. In each patient both 
Bglll digested ALL- and relapse ALL-DNA showed identi- 
cal aberrant Bg/ll fragments (R6, Fig 2E). 

Two of the ALL patients, L1 and R7 (Table 3) recurred 
with CML after 4 and 2 years of complete remission, 
respectively. Although the initial ALL phase of LI was not 
karyotyped, the finding of a bcr rearrangement (Fig 2C) 
strongly suggests the presence of a Ph! chromosome. At the 
CML phase, a standard t(9:22) was found in the bone 
marrow cells, but unfortunately no DNA was available, and 
comparison of the molecular rearrangement of both phases 
was not possible. In patient R7, DNA from the ALL phase 
showed no Pcr rearrangement; in contrast, DNA obtained in 
the CML phase did show a breakpoint in the dcr (Fig 2D). 
These results were confirmed by in situ hybridization of ber 
probes showing segregation of the 5' and 3' bcr probes (data 
not shown). 

Sublocalization of the ber breakpoints: Evidence for 
deletions in the ber. To localize the ber breakpoints more 
precisely, we arbitrarily divided the 5.8-kb bcr into the five 
segments shown in Fig 1. Analogous to the mapping of the 
Ph! breakpoints in CML patients (16) we sublocalized the 5’ 
and/or 3’ breakpoints of the 10 ber (+) DNAs (nine ALL 
and the CML phase of patient R7). Usually the break in 
chromosome 22 splits the bcr in two segments: the 5’ ber 
segment, oriented towards the centromere and remaining on 
the 22q— chromosome, and a 3’ ber segment that migrates to 
the 9q+ derivative of the standard Ph! translocation. These 
segments are identified by Southern blot analysis using the 5’ 
and the 3’ ber probe (probes | and III, respectively, Fig 1). 
The results are given in Table 4. In six patients the break- 
point regions determined with various probes and digests are 
not located in the same subregion of the ber. In two of these 
patients (L1 and L9) both breakpoints could be localized, 
although in a different subregion. In patient L1 probe | and 
probe HI (5' ber and 3’ ber, respectively, Fig 1) detect two 
different new hybridizing bands in Bg/II-digested LI DNA. 
This indicates that both breakpoints are situated within the 
ber. In Hindill-digested L1-DNA, probe II and probe HI 
detect different extra hybridizing bands. Since probe il 
detects only the 5’ ber segment in Bg/ll-digested LI-DNA, 
the 5’ breakpoint is located in the 1.8-kb Hindlll fragment 
(region 1 4- 2). The 3' breakpoint is located in segment 3 and 
a minimum of 300 bp of bcr sequences is deleted. (The 
distance between the 3’ end of probe I and the 5' end of 
probe III.) In four other patients (U3, U4, R6. and R7) only 
one of the breakpoints could be assigned. For instance, in 
patient. R6 the 5' breakpoint could be mapped 3' of the 
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Fig 2. 
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Southern blot analysis of Bg/ ll-digested DNA (10 ug) of the leukemic cells of five ALL patients. (A) ALL patient L4; (B) ALL 


patient R1; (C) ALL patient L1; (D) ALL (lane 1 and 2) and CML phase (lane 3 and 4) of patient R7; (E) ALL (lane 1 and 2) and relapse ALL (lane 
3 and 4) of patient R6. Arrow indicates the 5.0 kb normal Bq! Il fragment. Lanes 1 and 3 are hybridized with probe I (5' bcr) and lanes 2 and 4 
are hybridized with probe III (3' bcr) indicated in Fig 1. In (C), lane 1, the hybridization signal (top band) of a previous hybridization of the 


same filter with probe III (3' ber) is still visible. 


BamHI site in segment 2 of the bcr: abnormal Bglll 
fragments with probe I and probe II. normal BamHI frag- 
ments with probe I, and an aberrant Hindlll fragment with 
probe II. Probes Ill or IV detect only the normal ber 
fragments in either a Bg/ll, Hindlll, BamHI. or EcoRI 
digest. Thus apparently the 3' part of the ber is deleted and 
the 3’ breakpoint of patient R6 maps outside the ber. 

In situ hybridization. Translocation of the c-ab/ onco- 
gene was studied by in situ hybridization of c-ab/ specific 
sequences to metaphase chromosomes from five Ph'-positive 
ALL patients (U3, US, R2, R5, and R6). Distribution of 
silver grains was uniform and at random on all chromosomes 
except the specific signals (P < 0.01) on chromosomes 
9(q34) and Ph! in all cases investigated (Table 5). 

This indicates that c-ab/ sequences are translocated to the 
Ph' chromosome. In two of the patients (R2, R5) the ber was 
not rearranged, which suggests that in these two cases the 


Table 4. Analysis of bcr Breakpoints 








5 3 
Breakpoint Breakpoint 
Patient No. in Segment in Segment 
L8 1,2 1.2 
L9 1.2 2° 
U1 2 2 
U2 1,2 1.2 
U3 2 —* 
U4 3 —* 
R6t 2 E 
U6t 1 1 
L1 1,2 3* 
R7 — - 





ber segments are indicated in Fig 1. 
* Deletion of bcr sequences has occurred. 
tidentical breakpoints in initial and relapse phase. 


recombination of c-ab/ with chromosome 22 sequences is 
different from that in CML. 

c-abl Transcription in ALL. For the detection of c-abl 
mRNA a human 0.6-kb EcoRI-BamHI DNA fragment was 
used as a probe. This fragment contains the most 5' human 
v-abl hybridizing exon." In order to examine whether the 
translocation resulted in a modification of the mRNA tran- 
script as found in CML, RNA was isolated from the 
leukemic cells of 3 Ph'-positive ALL patients. As a control, 
RNA isolated from human testes or Hela cells was used as 
well as the RNA of a Ph -positive CML blast crisis cell line, 
K562. As shown in Fig 3, in all RNA species the c- 
abl-specific probe detects the normal 6.0- and 7.0-kb 
mRNA transcripts. In addition a novel c-ab! mRNA of 8.5 
kb is present in the RNA of patients U6 (lane 2) and R6 
(lane 4) as well as in K562 RNA (lane 3). This 8.5-kb 
mRNA is not present in the RNA of Hela cells (lane 1) or 
normal human testes (lane 6) or the leukemic cells of patient 
R2 (lane 5) exhibiting no ber rearrangements in Southern 
blots. 

The Northern blot containing the RNA of K562, patient 
R6, and patient R2, and human testes RNA was also 
hybridized to a 5 ber cDNA probe.” In all RNA species the 
normal ber transcripts of 7.0 kb and 4.5 kb were present. In 
the RNA of patient R6 and K562 cells, this 5’ ber-specific 
probe detects an additional hybridizing band of 8.5 kb (not 
shown). 


DISCUSSION 


Recently we showed that in CML the Ph! chromosome is 
the result of a consistent juxtaposition of the c-ab/ oncogene 
and the chromosome 22 ber sequences.'** In the present 
Studies, using in situ hybridization, we demonstrate a trans- 
location of the c-ab/ oncogene from chromosome 9 to chro- 
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Table 5. Results of In Situ Hybridization Studies With c-abí Probes 








Total of Grains 





Grains on Chromosomes 








Patient AEN oci a ec cer HD D MM 
No. Analyzed On Chromosome/Background Chromosomes * Observed Expected x 
U3 26 189/68 5 5 6.0 02 

5q—- 1 2.7 1.1 
9 13 4.5 16.1 
994 5 8.5 1.4 
22 3 1.6 1.2 
22q— 14 1.0 169.0 
U5 43 243/75 9 27 5.8 TED 
Sq+ 2 6.5 3.4 
22 0 2.1 2:1 
22q- 19 1.3 241.0 
R2 30 113/54 9p-f 12 2.5 36.1 
Sp+q+ 4 3.1 0.3 
22 0 0.9 0.9 
22q- 5 0.6 32.3 
R5 31 103/46 Sp+t 3 3.1 21.6 
9p+q+ 3 3.7 0.1 
22 0 0.9 0.9 
22q— 9 0.5 144.5 
R6 28 85/36 9 10 1.9 34.5 
Sq+ 2 2.1 0.0 
11 2 1.9 0.0 
Tips 2 1.9 0.0 
22 0 0.7 0.7 
220-— 7 0.4 108.9 





*Karyotype of patients as given in Tables 2 and 3. 


T9p— = der(9) t(3;9)(027;p2 1); 9p. c q4 = [4pter — p14::9p21 — q34::22q11 — ater] 
i9p- = der(9) t(1;9)(q25:p21); 9p - q+ = [Bater — q13::9p21 — q34::22q11 —* ater] 


mosome 22 in five Ph'-positive ALL patients. This observa- 
tion proves that the Ph' chromosome in ALL is similar to 
that in CML" and derives from a reciprocal translocation 
between chromosome 9 and 22. The incidence of variant 
translocations (5/15) is higher than in CML, where only 5% 
to 8% of the patients show translocations different from 
t(9:22). However, in these variant translocations we also 
could demonstrate a translocation of the c-ab/ oncogene from 
9q34 to the q11 band of chromosome 22. 


3 4 5 6 





Fig 3. Northern blot analysis of RNA from three ALL patients 
and control cells. Total RNA (20 ug) was blotted and hybridized 
with a human c-ab/ probe. Lane 1, Hela cells; lane 2, ALL patient 
U6: lane 3, K562 celis; lane 4, ALL patient R6; lane 5, ALL patient 
R2; lane 6, human testes. The sizes (kb) of the hybridizing bands 
are indicated. 


In CML, a breakpoint is consistently found in the 5.8-kb 
ber of the Ph! chromosome.'* In contrast, Southern blot 
analysis of ber of the leukemic cells from 14 Ph'-positive 
ALL patients only showed ber rearrangements in nine 
patients. Sublocalization of the ber breakpoints revealed that 
larger deletions involving bcr sequences frequently occurred 
in Ph'-positive ALL patients as compared to Ph'-positive 
CML patients. In the rare cases of CML where her deletions 
could be observed (D. Bootsma and A. de Klein, unpublished 
results), these measured 100 to 500 bp and did not result in a 
complete deletion of the 3’ ber as in the ALL patients U3, 
U4, and R6. Although we did not observe ber deletions 
during transition from chronic to acute phase of CM L. the 
3’ ber sequences are also absent in the cell line K562 
established from pleural fluid of a CML patient in blast 
crisis." However, cytogenetic analysis revealed a concordant 
absence of the 9q+ chromosome in K562,"? whereas in 
Ph'-positive ALL patients the derivative chromosome con- 
taining the deleted part of chromosome 22 was present. 
Studies of other Ph'-positive hematologic disorders different 
from CML will be necessary to corroborate whether these 
large deletions are typical features of Ph'-positive ALL. 

Absence of bcr rearrangements were found in 5 cases of 
Ph'-positive ALL. Recently, similar observations have been 
reported in two children with Ph'-positive ALL.“ However, 
in two of our cases studied by in situ hybridization it was 
clear that one copy of the c-ab/ had moved to chromosome 22 
despite the lack of ber rearrangement. Since the complete ber 


1374 


gene has not yet been identified, the possibility remains that 
in these cases c-abl is translocated to the more unidentified 5' 
sequences of the bcr gene. The demonstration of a breakpoint 
within the immunoglobulin light chain gene? (by in situ 
hybridization) in one Ph'-positive ALL patient suggests that 
sequences which map more proximally on chromosome 22 
than der can be involved in the Ph'-translocation in ALL. 
These observations suggest that a proportion of Ph'-positive 
ALL differs from CML by the absence of ber rearrange- 
ments. The previously reported ALL cases were children, 
and the one childhood Ph'-positive ALL case that we studied 
(R2) was also without detectable bcr rearrangement; but 
since four other cases with no ber rearrangements were 
adults, this does not seem restricted to childhood Ph'-positive 
ALL. 

Ph'-positive ALL patients have a worse prognosis as 
compared to the Ph'-negative ALL patients. ^" In CML, 
Ph'-negative patients with no translocation of c-ab/?* and no 
bcr rearrangements 5 seemed to belong to a distinct subclass 
of leukemia with a poorer prognosis. Although the number 
of patients we studied is small, our data indicate no differ- 
ence in survival time for the Ph'-positive ALL patients with 
or without bcr rearrangements. A much larger series of ALL 
cases should be studied to ascertain any clinical relevance for 
diagnosis and prognosis of the distinction between Ph!- 
positive ALL with or without dcr rearrangement. 

Two Ph'-positive ALL patients (U6 and R6) were studied 
at diagnosis and at relapse, with documented disappearance 
of the Ph' chromosome from the bone marrow during com- 
plete remission in one case (U6). Identical Pcr rearrange- 
ments were observed in the initial and relapse ALL phase of 
each patient. This suggests that even if complete remission is 
achieved, the Ph'-positive progenitor cell still can remain in 
the hematopoietic system. 

As reviewed by others, a rarely observed feature of 
Ph'-positive ALL patients is that after achievement of com- 
plete remission, some recur with CML instead of ALL. Two 
such cases are included in this study: patients L1 and R7. 
Although we were unable, despite all efforts using frozen 
cells, to obtain a karyotype of patient L1, the finding of a ber 
rearrangement strongly suggests that this was a Ph'-positive 
ALL. The 4-year lapse between the ALL and CML phase 
makes it possible that CML is a secondary leukemia, but 
unfortunately we were not able to compare the bcr regions in 
these two phases, since no CML-DNA was available. Patient 
R7 showed a variant Ph! translocation in the initial ALL 
phase, and this variant Ph! was interpreted as a two-step 
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rearrangement: first a standard t(9:22), followed by a 
t(9q+;14). During the ALL phase this patient was without 
bcr rearrangements. When CML recurred a bcr breakpoint 
(with deletions) was found. This suggests either a secondary 
rearrangement of the original 9q+ or Ph! chromosome or the 
occurrence of a de novo Ph! translocation in another stem 
cell. 

RNA isolated from Ph'-positive CML or Ph'-positive cell 
lines all contained the abnormally sized c-ab! mRNA of 
approximately 8.5 kb. In two of the three Ph'-positive 
ALL patients analyzed a similar 8.5-kb transcript was 
present. Both these ALL patients contained ber rearrange- 
ments, in contrast to the third patient, and in patient R6 the 
same mRNA hybridizes to a 5' ber probe. This suggests that, 
as in CML," in ALL the juxtaposition of c-ab/ or ber 
sequences can result in the transcription of a chimeric 
mRNA, which contains 5’ dcr and 3' c-abl sequences. 
Translation of this chimeric mRNA would result in a ber/ 
abl fusion protein. Evidence for the presence of such a 
protein in Ph'-positive CML cells and different CML cell 
lines has been reported.“ An abnormally sized 210-kd 
C-abl protein is present in these cells which, in contrast to the 
normal 150-kd c-abl, has in vitro tyrosine kinase activity 
similar to the v-ab/ gene product.” 

In the Ph'-positive ALL cases studied, translocation of the 
c-abl oncogene to the 22q— chromosome has been demon- 
strated by in situ hybridization. However, regarding the 
observed heterogeneity in respect to the bcr rearrangements 
of Ph'-positive ALL patients, the question remains open 
whether in all the ALL patients a bcr/c-ab/ chimeric mRNA 
is present. In those cases where neither bcr rearrangement 
nor an altered transcription of c-abl or bcr could be demon- 
strated, other genes or sequences could contribute to the 
generation and/or maintenance of ALL. The molecular 
aspects observed in some Ph'-positive ALL patients are 
indistinguishable from CML, reinforcing the possibility that 
in some of these ALL patients there may be lymphoid blast 
crises developing from subclinical CML.*" Investigation of 
more patients and follow-up for a longer time may therefore 
finally reveal the clinical and/or biologic importance of 
molecular differences among these patients. 
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Quantitative Relationship Between Heinz Body Formation and 
Red Blood Cell Deformability 


By Walter H. Reinhart, Lanping A. Sung, and Shu Chien 


The ultimate cause of destruction of red blood cells (RBCs) 
after oxidative damage with Heinz body formation is not 
well understood. We correlated the changes in RBC mor- 
phology and membrane protein composition after oxidant 
treatment with the alterations in deformability of whole 
cells and cell membranes. The incubation of RBCs with 
phenylhydrazine concentrations of 0.3 to 100 mg/dL at 
37 °C for one hour led to a dose-dependent formation of 
Heinz bodies, ranging from isolated Heinz bodies at 1 
mg/dL to a confluent coating of the inner membrane 
surface at 100 mg/dL phenylhydrazine. Sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis revealed the 
presence of a large quantity of hemoglobin bound to the 
ghost membrane of treated RBCs. Electrophoresis with 
and without dithiothreitol indicated that disulfide bridges 
are abundant between hemoglobin molecules and are also 
present among membrane proteins but are not the major 


N INTRACELLULAR PRECIPITATION of hemo- 

globin with the formation of Heinz bodies occurs in 
congenital hemolytic anemias associated with unstable 
hemoglobins’ and in certain congenital red blood cell (RBC) 
enzyme defects, eg, in glucose-6-phosphate dehydrogenase 
deficiency.’ Heinz body formation can also be produced by 
oxidative agents, such as phenylhydrazine.? RBCs containing 
Heinz bodies are sequestered in the spleen, where the Heinz 
bodies are “pitted” or the entire cell is phagocytized by a 
macrophage.* Although this is well established, the ultimate 
cause of RBC destruction in oxidant-induced hemolytic 
disease is not well understood. 

It is generally assumed that RBCs with Heinz bodies are 
less deformable.*® RBC deformability is determined by the 
cell geometry, the viscoelastic properties of the cell mem- 
brane, and the internal fluid viscosity.’ Oxidative damage 
with Heinz body formation can influence all these factors. 
These alterations in cell or membrane deformability could 
cause RBC sequestration in the spleen and facilitate erythro- 
phagocytosis. It has been proposed that, due to the presence 
of Heinz bodies, the RBCs have a decreased filterability.^^* 
Other oxidative damages with possible influence on RBC 
deformability include the inhibition of the calcium-A TPase 
with concomitant intracellular accumulation of calcium,’ the 





From the Division of Circulatory Physiology and Biophysics, 
Department of Physiology and Cellular Biophysics, Columbia 
University College of Physicians and Surgeons, New York. 

Submitted November 12, 1985; accepted July 5, 1986. 

Supported in part by Public Health Service research grants No. 
HL 16851 and HL 28381 and National Research Service Award HL 
07114 (L.A.S.) from the National Heart, Lung and Blood Institute 
and by the Schweizerische Stiftung fiir Medizinisch-Biologische 
Stipendien (to W.H_R.}. 

Address reprint requests to Dr S. Chien, Department of Physiol- 
ogy, Columbia-Presbyterian Medical Center, 630 W 168th St, New 
York, NY 10032. 

€ 1986 by Grune & Stratton, Inc. 

0006—4971/86/6806-0034$03.00/0 


1376 


bond between hemoglobin and membrane. Changes of 
spectrin, ankyrin, band 3, and band 6 and the appearance of 
a 260,000-dalton complex were also observed. With phen- 
ylhydrazine concentrations below 30 mg/dL, even in the 
presence of multiple Heinz bodies, the RBC deformability 
measured by filtration through 2.6-, 4.5-, and 6.8-um pores 
and the membrane deformability determined by a filter 
aspiration technique were not altered. With 100 mg/dL 
phenylhydrazine, when the entire membrane was coated 
with Heinz bodies, RBC filterability and membrane defor- 
mability were drastically reduced. These results indicate 
that oxidative damage of RBCs with discrete Heinz body 
formation causes focal membrane rigidification but does 
not affect the global cellular deformability until the Heinz 
bodies nearly cover the entire cell endoface. 

® 1986 by Grune & Stratton, Inc. 


loss of potassium and water," the peroxidation of membrane 
phospholipids with a subsequent polymerization of both 
membrane lipid and protein components,'"'* and the change 
in the organization of the phospholipids within the mem- 
brane. 

In the present investigation we have correlated changes in 
cell morphology and membrane protein composition induced 
by the oxidant phenylhydrazine with the deformability of the 
RBCs and the cell membrane, with the aim of elucidating the 
role of deformability in the removal of oxidant-injured 
RBCs. 


MATERIALS AND METHODS 


Preparation of cells, Blood was drawn from healthy volunteers 
into heparinized Vacutainer tubes. The RBCs were washed three 
times in a Ringer solution containing 145 mmol/L NaCl, 4 mmol/L 
KCI, 2.2 mmol/L CaCl, 5.5 mmol/L dextrose, and 0.5 g/dL bovine 
albumin, adjusted to pH 7.4 with 0.1 N Tris buffer. The washed 
RBCs were resuspended in the Ringer solution to a hematocrit of 
10.0%. Aliquots of this suspension were centrifuged at 1,500 g for 
two minutes to separate the RBCs from the suspending medium. A 
calculated volume of the suspending medium was then replaced by 
an equal volume of a stock solution of 500 mg/dL phenylhydrazine 
hydrochloride (molecular weight [mol wt] 144.6). The samples were 
resuspended and incubated aerobically in a waterbath at 37 °C, with 
gentle mixing from time to time. 

Morphology of cells. Scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM) were used. The specimens 
were fixed in 1% glutaraldehyde in cacodylate buffer (pH 7.4, 4 °C) 
and postfixed in 2% OsO,. For SEM, the specimens were dehydrated 
in ascending ethanol series, air-dried, coated with gold-palladium, 
and examined in a scanning electron microscope (JSM-25, Jeol 
Corp, Peabody, MA). For TEM, the specimens were embedded in 
Epon, and thin sections were prepared, stained with 2% uranyl 
acetate and lead citrate, and examined in a transmission electron 
microscope (Model EM 9, Carl Zeiss, Oberkochen, FRG). 

The quantification of Heinz bodies was performed with standard 
morphometric techniques, as outlined by Weibel'* and applied to the 
study of Heinz bodies by Weinstein et al. The fractional volume of 
RBC cytoplasm occupied by Heinz bodies was obtained by point 
counting and expressed as volume percentage. The fraction of the 
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cell membrane (expressed as percentage) in apposition with Heinz 
bodies was measured by intercept counting. The mean volume of a 
Heinz body was calculated using the method described by Weibel 
and Gomez": 
Vus - k $^, 

where k is a factor depending on the shape of the measured structure 
(k = 1.382 for spheres as assumed for Heinz bodies) and S is the 
mean cross-sectional area of a Heinz body calculated from diameter 
measurements on random sections in any direction. 

In order to estimate the relative hemoglobin concentration in 
single RBCs with Heinz bodies, normal RBCs and RBCs treated 
with phenylhydrazine were fixed separately, mixed together, and 
then processed for TEM as described. A video digitizing system (Eye 
Com II, Model 109 PT, Spatial Data System, Goleta, CA) was used 
to perform densitometric scanning of microphotographs along a line 
that crossed both treated and untreated RBCs. 

Analysis of membrane proteins. Sodium dodecyl sulfate (SDS)- 
polyacrylamide gel electrophoresis was performed. RBCs washed 
in 0.01 mol/L phosphate buffer in 0.15 mol/L NaCl (pH 7.2) and 
resuspended in 0.02 mol/L phosphate buffer in 0.13 mol/L NaCl 
(with 5 mmol/L dextrose, | mmol/L adenine, and 10 mmol/L 
inosine, pH 7.4) were used. After treatment with phenylhydrazine 
(10 mg/dL for one hour or 100 mg/dL for two minutes), the RBCs 
were washed twice in ice-cold phosphate buffer, and RBC ghosts 
were prepared according to Bennett and Stenbuck." The ghosts were 
washed four times. Membrane protein concentrations were deter- 
mined by the method of Lowry et al ? A standard solution of 
hemoglobin monomer and oligomers was prepared by incubating a 
hemoglobin solution with 0.02% glutaraldehyde for 30 minutes at 
room temperature. SDS-polyacrylamide gel electrophoresis of the 
RBC ghosts and hemoglobin solution was performed according to 
Fairbanks et al" in the presence or absence of dithiothreitol (DTT). 
The gels were stained with Coomassie blue. The bands were num- 
bered according to Steck et al. Densitometric scanning was 
performed with the aid of the video digitizing system described. 

Deformability of cells. For the determination of filterability, 
suspensions containing the same number of RBCs (hematocrit 10%) 
were incubated with phenylhydrazine at concentrations of 0.3, 1, 3, 


Fig 1. Scanning electron mi- 
crographs (A) and transmission 
electron micrographs (B) of red 
cells incubated for one hour at 
37 °C with 1, 10, 30, or 100 mg/dL 
phenylhydrazine hydrochloride, as 
indicated. 
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10, 30, and 100 mg/dL. for one hour at 37 °C. The deformability 
was assessed by recording the filtration pressure with a pressure 
transducer (Model MP 45-14, Validyne Engineering Corp, North- 
ridge, CA) during filtration of RBC suspensions under constant flow 
of 0.82 mL/min. The method has been described in detail else 
where." Polycarbonate filters (Nuclepore Corp, Pleasanton, CA) 
with measured pore diameters of 2.6 + 0.2 um, 4.5 + 0.6 um, and 
6.9 + 0.8 um, respectively, were used. The relative resistance in à 
pore containing a RBC to that in a pore with Ringer solution alone, 
B. was computed as”: 
B - 1 [(P,/P,) — 1]V/h. 

where P, is the initial pressure reading, P, is the pressure reading for 
the Ringer solution, V is the fraction of the pore volume occupied by 
RBC, and h is the fractional volume of RBCs in the suspension 

Membrane deformability. 
bility of RBC membrane, a modified version of a filter aspiration 
technique introduced by Brailsford et al^ was used. A Nuclepore 
filter with a pore diameter of 1.0 um was mounted horizontally in à 


For the assessment of the deforma 


filler chamber. The chamber was connected to a reservoir bottle 
filled with saline. The RBC suspension (hematocrit 1057) was placed 
onto the wetted filter. By adjusting the relative height of the 
reservoir bottle to the fluid level above the filter, a total hydrostatic 
pressure of 5 mm H,O was imposed on the RBCs across the filter, 
leading to the aspiration of a small part of the RBC into the filter 
pores. After 20 seconds, 1% glutaraldehyde was added and the RBCs 
fixed for ten minutes while maintaining the constant hydrostatic 
pressure. The filters were then carefully removed and fixed in 1% 
glutaraldehyde overnight. The specimens 
increasing ethanol series and air-dried. A SEM specimen stub 
covered with a piece of double-sided Scotch tape was placed onto the 
Nuclepore filter (with the side containing the cells facing up). The 


were dehydrated in 


filter was then gently stripped away from the Scotch tape, leaving 
the RBCs on the Scotch tape with the pressure-aspirated segments 
(tongues previously in the pores) protruding vertically * The speci- 
mens were coated and viewed in the scanning electron microscope at 
an angle of 80 °. The length and the diameter of the protrusions were 
measured on the microscope screen at a magnification of 18,000 x 


30 mg% 


100 mg% 
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Statistics. 
ance was used. 


For statistical analysis, a one-way analysis of vari- 


RESULTS 


Morphology of cells. The incubation of RBCs with 
different concentrations of phenylhydrazine hydrochloride 
for one hour resulted in a dose-related formation of Heinz 
bodies in the cytoplasm (Fig 1). No Heinz bodies were 
detectable at a phenylhydrazine concentration of 0.3 mg/dL, 
| mg/dL induced Heinz bodies only occasionally, 10 and 30 
mg/dL led to the formation of multiple Heinz bodies per cell, 
and 100 mg/dL generally resulted in a complete coating of 
the inner surface of the cell membrane with confluent Heinz 
bodies. The Heinz bodies were found to be in close apposition 
to the cell membrane. The portion of the cell surface 
containing the Heinz bodies showed an altered shape, rang- 
ing from a slight buckling to extended protrusions and severe 
membrane distortions, which gave the cell surface a bizarre 
appearance, like cerebral convolutions (Fig 1). At high 
magnifications (Fig 2) it can be seen that Heinz bodies were 
not confluent with the membrane, but that a small gap 
seemed to exist between the Heinz body and the membrane, 
which measured 10.7 + 3.6 nm (mean + SD of 25 measure- 
ments). The onset of Heinz body formation was rapid; two 
minutes after the beginning of the incubation, small Heinz 
bodies were already visible along the endoface of the mem- 
brane (not shown). 

The morphometric data are given in Table 1. At phenylhy- 
drazine concentrations >10 mg/dL, 100% of the cell sections 
showed Heinz bodies. The volume percentage of cytoplasm 
occupied by Heinz bodies gradually increased with increas- 
ing concentrations and reached 20% with 100 mg/dL phen- 
ylhydrazine. At this concentration, 97% of the cell mem- 
brane endoface had Heinz bodies. The volume of the individ- 
ual Heinz body was similar for 3, 10, and 30 mg/dL. 

The cytoplasmic hemoglobin concentration of RBCs 
exposed to phenylhydrazine (100 mg/dL for one hour) was 
compared with that of untreated RBCs (Fig 3). Densitome- 





Fig2. Transmission electron micrograph showing the attach- 
ment of Heinz bodies to the cell membrane. A small gap of about 10 
nm between the Heinz bodies and the membrane can be seen. 
Bar = 100 nm. 
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try of TEM micrographs revealed that Heinz bodies had an 
increased density; the relative density of the remainder of the 
cytoplasm was 0.52 + 0.05 and 0.34 + 0.08 (P — .001) for 
untreated (n — 43) and treated (n — 23) RBCs, respectively. 
Lower concentrations of phenylhydrazine (30 mg/dL and 
lower) had no significant influence on cytoplasmic density. 

Analysis of membrane proteins. The pol yacrylamide gel 
electrophoresis on ghosts of RBCs treated with 10 mg/dL 
(one hour) and 100 mg/dL (two minutes) phenylhydrazine is 
shown in Fig 4; the densitometry of a gel from a similar 
experiment, in Fig 5. The incubation with 100 mg/dL 
phenylhydrazine was stopped after two minutes because it 
seemed to be more reasonable to study these early changes 
rather than the severe changes after one hour. Several 
alterations were found after phenylhydrazine treatment. 
(Hemo)globin was not found in controls, but was abundant 
in the ghosts of phenylhydrazine-treated cells, being visible 
by eye as a brown shade of the washed ghosts. The electro- 
phoresis gel of the glutaraldehyde-treated hemoglobin solu- 
tion (second well from right in Fig 4), which shows mono- 
mers, dimers (that band was split for an unknown reason), 
trimers, tetramers, and pentamers, is included as a reference. 
Electrophoresis of RBC ghosts with DTT showed a higher 
density of the hemoglobin monomer band (~14K) than that 
without DTT. After phenylhydrazine treatment (10 and 100 
mg/dL) the gels also exhibited peaks corresponding to Hb 
dimer (between bands 7 and 8), which was weaker in the 
presence of DTT. In the absence of DTT, the 100 mg/dL 
phenylhydrazine specimen showed a peak corresponding to 
Hb trimer (between bands 5 and 6) as well (Fig 5B). While 
the control gels showed the typical pattern of major mem- 
brane proteins, ghosts from RBCs treated with 100 mg/dL 
phenylhydrazine had some smearing between the protein 
bands on the gel. The smearing was more pronounced in the 
absence of DTT, which also led to reduced amounts of bands 
|, 2, and 2.1. These findings indicate that S-S bonds may be 
involved, at least in part, in forming molecular complexes 
containing these bands. The higher density of band 6 after 10 
mg/dL phenylhydrazine suggests that a newly formed com- 
plex comigrated with band 6. With 100 mg/dL phenylhydra- 
zine, band 6 disappeared, suggesting that the comigrating 
complex and band 6 itself were bound to other complexes or 
that the high dose of phenylhydrazine dissociated the loosely 
bound band 6 from the membrane.”* For both phenylhydra- 
zine concentrations, a sharp band appeared at the lower 
boundary of band 3. Above band | a faint band of high mol 
wt (approximately 260,000 daltons) was detected (Fig 4). 

Deformability of cells. The results of the RBC filtration 
experiments are shown in Fig 6. Up to a phenylhydrazine 
concentration of 10 mg/dL, the relative resistance of a RBC 
in a pore (8) was not different from control values for all 
three pore sizes. A concentration of 30 mg/dL resulted in an 
increase of 8 in 2.6-um pores (threefold), but not in 4.5- and 
6.9-um pores. The concentration of 100 mg/dL had a 
dramatic effect on R BC filtration for all three pore sizes. The 
RBCs virtually could not pass 2.6- and 4.5-um pores, and 8 
for 6.9-u m pores was increased 20-fold. 

Counting of the number of Heinz bodies per cell section on 
TEM pictures showed that it was unaffected by filtration 
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Table 1. Morphometric Data of Heinz Bodies (HB)* 





Phenylhydrazine Concentration (mg/dL) 











3 10 30 100 

Cell sections with HB (96) 22 97 100 100 
Cytoplasm occupied by 

HB (96) 02202 1.8 + 0.7 5.0 £1.4 19.8 = 4.1 
Membrane area adjacent 

to HB (%) 0.3 + 0.3 7.8 > 2.4 18.8 « 3.2 97.3 € 1.7 
Mean cross-sectional dia- 

meter of HB (um) 0.17 + 0.02 0.18 + 0.01 0.17 + 0.01 Confluence 
Mean volume of single HB 

(107? um?) 4.86 5.37 4.65 Confluence 





*Values are mean « SEM. The data for the first three lines were obtained from 12 to 18 cells, and the results for the last two lines were obtained from 


50 Heinz bodies. 


through 2.6-um pore filters. Thus, for 10 mg/dL phenylhy- 
drazine, the number was 4.2 + 2.1 (mean + SD) per cell 
section before and 4.2 « 2.2 after filtration; for 30 mg/dl 
phenylhydrazine, 18.3 + 5.9 before and 21.5 + 7.8 after 
filtration. 

Membrane deformability. The results of the membrane 
deformability study are shown in Fig 7. The length-radius 
ratio of the aspirated protrusions was used as a parameter for 
estimating membrane deformability. Phenylhydrazine con- 
centrations up to 10 mg/dL did not affect the membrane 
deformability (Fig 7A through C); the length-radius ratio 
was 2.56 « 0.38, 2.65 « 0.35, and 2.74 « 0.34 (mean « SD, 
n = 40) for 0, 3, and 10 mg/dL phenylhydrazine, respec- 


RELATIVE INTENSITY 





5 10 15 20 
DISTANCE (ym) 


Fig 3. Estimation of the relative hemoglobin concentration in 
RBCs containing Heinz bodies. (A) Untreated and treated (100 
mg/dL phenylhydrazine for one hour) cells were fixed separately 
and then mixed and embedded together. Densitometric scanning 
was performed on the transmission electron micrographs along a 
line that crossed both treated and untreated cells. (B) Tracing of 
the densitometry performed along a line indicated in the top graph. 
The relative density of the cytoplasm was measured: Heinz bodies 
have a higher density and the cytoplasm of these cells a lower 
density than do controls. 





tively. With 30 mg/dL phenylhydrazine (Fig 7D), the 
length-radius ratio was significantly reduced (1.89 + 0.30, 
P < 001); with 100 mg/dL (Fig 7F), there was no detectable 
deformation (the small nodules were due to Heinz body 
attachment, as shown in Fig 1). The transmission electron 
micrograph for 30 mg/dL phenylhydrazine (Fig 7E) shows 
that the large number of Heinz bodies present may leave 
insufficient amount of intervening membrane area for defor- 
mational entry into the pore, and thus reduce the protrusion 
length. 
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Fig4. Polyacrylamide gel electrophoresis of ghost membrane 
proteins in the presence {+ DTT) or absence ( — DTT) of dithiotrei- 
tol, an agent that reduces S-S bonds. The RBCs were treated with 
10 mg/dL phenylhydrazine for one hour or 100 mg/dl. phenylhy- 
drazine for two minutes at 37 °C. A known volume (35 uL) of ghost 
membrane was dissolved in the solubilization solution (65 uL), and 
40 uL of each solution was applied to each lane. Each lane 
contained 50 ug of ghost membrane protein. Protein bands are 
numbered according to Steck."' High- (left margin) and low- (right 
margin) mol-wt standards are shown. A hemoglobin solution 
treated with 0.0296 glutaraldehyde for 30 minutes was electropho- 
resed with DTT simultaneously, showing (from top to bottom) 
penta-, tetra-, tri-, di-, and mono-mers of (hemolglobin. The gel 
was stained with Coomassie blue. 
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Fig 5. Densitometry of a polyacrylamide gel after membrane 
protein electrophoresis of untreated and phenylhydrazine-treated 
RBCs in the presence or absence of DTT. (A) Treated with 10 
mg/dL phenylhydrazine for one hour at 37 'C. (B) Treated with 
100 mg/dL phenylhydrazine for two minutes at 37 °C. 
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Fig 6. Log-log plot of the relative resistance for a red cell in a 
filter pore (8) against the concentration of phenylhydrazine for 
three pore sizes (2.6-, 4.5-, and 6.9-u m). The data are means + SD 
of four experiments. Asterisks indicate P — .05. 
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DISCUSSION 


The formation of Heinz bodies in intact RBCs induced by 
phenylhydrazine is dose- and time-dependent. Concentra- 
tions below 1 mg/dL did not induce any Heinz bodies, 
indicating that fresh RBCs with normal glutathione levels 
are capable of compensating for the oxidative effect of such 
phenylhydrazine concentrations for at least one hour. The 
other extreme was the complete coating of the cellular 
membrane with a continuous layer of Heinz bodies observed 
at a concentration of 100 mg/dL after one hour. The 
oxidative injury may vary with the redox agent used, and it 
would be interesting to obtain such dose-response curves for 
other oxidants. 

With few exceptions, all Heinz bodies were found in 
proximity to the cell membrane. It has been claimed that 
Heinz bodies form in the cytoplasm and migrate to the 
membrane with time." Our findings suggest that the forma- 
tion takes place in close relation with the membrane. This 
may be the result of the vulnerability of the outermost layer 
of hemoglobin when the oxidative agent diffuses into the red 
cell or an early involvement of the membrane constituents, 
eg, phospholipids and membrane skeleton proteins. 

We found a thin space of 10 nm between the Heinz bodies 
and the membrane on TEM at high magnification (Fig 2). 
Although we cannot exclude a fixation artifact, it could 
indicate that the denatured hemoglobin binds to components 
of the membrane skeleton that underlie the lipid bilayer, eg, 
spectrin. This hypothesis is supported by the observation of 
Ziparo et al,” who have shown that ferritin-conjugated 
antispectrin antibodies line up against the membrane, with 
the iron core of the ferritin approximately 10 nm apart from 
the apparent edge of the cell membrane. 

How Heinz bodies are bound to membrane constituents 
has been a subject of debate for some time. Earlier investiga- 
tions suggested that disulfide bonding may account for the 
attachment of unstable hemoglobin to the membrane”: 
others have found that the membrane attachment of Heinz 
bodies was through hydrophobic bonding." Our results 
from polyacrylamide gel electrophoresis (Figs 4 and 5) 
showed that without DTT, ie, with intact S-S bridges, 
hemoglobin oligomers appeared in the phenylhydrazine- 
treated specimens at the expense of hemoglobin monomer, 
which supports the contention that S-S bridges are formed 
between (hemo)globin chains during oxidative hemoglobin 
denaturation (Heinz body formation) and are responsible for 
most oligomer formation.^? If Heinz bodies were asso- 
ciated with spectrin by S-S bonds, one would expect to see a 
high-mol-wt complex above spectrin on the gel in the absence 
of DTT. Electrophoresis of ghost membrane treated with 100 
mg/dL phenylhydrazine without DTT, however, revealed 
little, if any, high-mol-wt complex larger than spectrin. This 
suggests that S-S bridges are probably not the major type of 
bonding between the denatured hemoglobin and spectrin. 
The smearing distribution of proteins between bands 3 and 5 
may be the result of an association between the denatured 
hemoglobin with membrane proteins other than spectrin or 
an association among various membrane proteins. The pre- 
vention of this smearing with the addition of DTT indicates 
the involvement of S-S bonds in these associations. 
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Fig 7. Assessment of the membrane deformability of RBCs with a filter aspiration technique.” The scanning electron micrographs 
show the protrusions produced by a hydrostatic pressure of 5 mm H;O for RBCs treated with (A) O mg/dL, (B) 3 mg / dL, (C) 10 mg/dL, (D) 


30 mg/dL, and (F) 100 mg/dL phenylhydrazine. The length-radius ratio of the protrusions was, for (A), 2.56 + 0.38 (mean + SD. n 


40); for 


(B), 2.65 + 0.35; for (C) 2.74 + 0.34; for (D) 1.89 + 0.30 (P — .001); and fcr (F) zero. The transmission electron micrograph shown for 30 
mg/dL phenylhydrazine (E) demonstrates that at this concentration (and above), the decrease in membrane area unoccupied by the large 
number of Heinz bodies can cause a reduced penetration length into the pere. The bars represent 2 um. 


Of special interest are the minor complex with a mol wt of 


about 260,000 daltons, the sharp band within band 3, and the 
disappearance of band 6 with high phenylhydrazine concen- 
trations. Palek et al" found a 260,000-dalton complex in 
RBCs deficient in glucose-6-phosphate dehydrogenase that 
were treated with an oxidant (acetylphenylhydrazine). A 
255.000-dalton complex formed in vivo in senescent RBCs 
has recently been described by Snyder et al, * who assumed a 
spectrin-hemoglobin crosslinking due to an oxidative damage 
occurring in vivo. It has been shown that denatured hemoglo- 


bin binds with high affinity to the cytoplasmic domain of 


band 3, where it competes for the binding with band 6," and 
that band 3 becomes clustered in phenylhydrazine-treated 
RBCs.*° Changes in the transmembraneous protein band 3 
could play an important role in the recognition of damaged 
areas of RBCs by macrophages. 

The present filtration study demonstrates that the pres- 
ence of a limited number of small Heinz bodies in the RBC 
does not affect cell deformability. Apparently, the cytoplas- 
mic viscosity and membrane viscoelasticity, two of the deter- 
minants of cell deformability,’ are not influenced by small 
quantities of denatured hemoglobin underlying the mem- 
brane endoface. The cytoplasmic viscosity is determined by 
the remainder of the hemoglobin in the cell interior; the 
cytoplasmic hemoglobin concentration is near the control 
level for 30 mg/dL phenylhydrazine, and actually lower for 


an incubation of one hour with 100 mg/dL, where no loss of 


cell water has yet occurred." When Heinz bodies are 
attached to the inner surface of the cell membrane, this area 
of the membrane becomes rigid, as can be seen by the small 
bumps of the membrane. Beside these rigid areas that 


overlay the Heinz bodies, the membrane is presumably not 
altered in its flexibility, analogous to the canvas parts of 
tent. Thus, at a phenylhydrazine concentration of 30 mg/dL, 
20% of the membrane becomes rigidified, while the other 
80% is essentially normal (Table 1). Such a cell is still 
capable of passing through narrow channels, eg, the 4.5- and 
6.9-um pores; its passage through 2.6-um pores, however, is 
already impaired. A higher concentration of phenylhydra 
zine (100 mg/dL) results in the involvement of the entire cell 
membrane, which is now plastered with denatured hemoglo 
bin (Fig 1). These cells are unable to traverse 2.6- and 
4.5-u m pores and barely pass through 6.9-4m pores 

Three other filtration studies on RBCs containing Heinz 
bodies have been reported. In these studies RBCs were 
incubated at a single high concentration of monomethylhy 
drazine,* acetylphenylhydrazine,* and phenylhydrazine’ over 
a period of several hours, and RBC filterability was tested 
through 5-um pores** and 8-um pores" under a constant, high 
negative pressure. RBC filterability decreased progressively 
between two and five hours of incubation, but there was no 
significant change after a one-hour incubation. This latter 
finding is in agreement with our results with 4.5- and 6.9-um 
pores for phenylhydrazine concentrations —30 mg/dl 
Weinstein et al’ performed a morphometric quantification of 
the Heinz bodies induced by 0.02 mol/L monomethylhydra 
zine. After six-hour incubation they found 5.2% of the cell 
membrane in contact with Heinz bodies and 5.2% of the 
cytoplasm occupied by Heinz bodies. These values are com 
parable to our results on RBCs incubated in 10 to 30 mg/dl 
phenylhydrazine for one hour. In contrast to our findings on 
RBC filtration, this small amount of Heinz bodies decreased 
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the RBC filterability in the study of Weinstein et al by a 
factor of >50. One possible explanation for the discrepancy 
between the two studies is that the six-hour incubation with a 
different oxidative compound damaged the remainder of the 
cell (membrane or cytoplasm) more profoundly than the 
number of Heinz bodies per se, eg, by the loss of potassium 
and cell water, or a slow disulfide exchange between the 
denatured hemoglobin and spectrin.* A four-hour incubation 
of RBCs with acetylphenylhydrazine also resulted in 
decreased deformability as measured by ektacytometry.”” 
Another possible explanation is the difference in filtration 
methodology. We used a constant flow and measured the 
initial rise of filtration pressure, whereas the previous 
authors used a constant pressure and measured the filtration 
time for a volume of 4 to 20 mL. Plugging of filter pores by 
cells is progressive with time”; therefore, their results 
obtained from the filtration of such a volume probably reflect 
more the plugging effect of cells containing Heinz bodies. In 
our experiments, however, Heinz bodies up to 5% of the 
cytoplasm did not result in a higher rate of pore plugging 
than control, as calculated from the rate of pressure rise with 
time” over the period of measurement (not shown). 

Cell filtration is commonly used to assess RBC deforma- 
bility in a variety of disease states and its alterations induced 
by drug actions. Our results show that focal changes of the 
membrane or cytoplasm do not affect the global RBC 
filterability. This finding has significant implications in the 
interpretation of filterability tests in clinical investigations; 
thus, a normal filterability, especially through larger pores, 
does not rule out such focal abnormalities in RBCs. 

Moderate degrees of oxidative damage and Heinz body 
formation with phenylhydrazine up to 10 mg/dL did not 
affect the membrane deformability as assessed by the filter 
aspiration method using 1-um pores. This indicates that the 
RBC membrane between Heinz bodies has normal elastic 
properties, although the portion of the membrane associated 
with Heinz bodies has become rigid. An increase in phenyl- 
hydrazine concentration to 30 mg/dL caused a significant 
decrease in membrane deformability. This may result from a 
reduced deformability of the RBC membrane between Heinz 
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bodies or the insufficient areas of such residual membrane 
between large numbers of Heinz bodies to effect a full 
deformational entry into the pore. The complete coating of 
the membrane endoface with precipitated hemoglobin seen 
after 100 mg/dL phenylhydrazine rigidified the entire mem- 
brane such that no membrane deformation occurred in 
response to the applied aspiration pressure of 5 mm H,O. The 
results with a moderate Heinz body formation (<30 mg/dl. 
phenylhydrazine), which are probably more relevant to 
pathophysiological conditions in vivo, indicate that the defor- 
mability of the RBC membrane between Heinz bodies 
remains unaffected. 

Our results suggest that a limited number of small Heinz 
bodies per se do not affect cell deformability. It is therefore 
unlikely that in such diseases as glucose-6-phosphate dehy- 
drogenase deficiency"? or unstable hemoglobins, the 
Heinz bodies cause the change in RBC deformability and the 
in vivo hemolysis. Red cells containing giant Heinz bodies, 
which are larger than the opening of the slit in the splenic 
sinus wall to be passed, will naturally be trapped and undergo 
erythrophagocytosis.* This, however, is probably an uncom- 
mon situation in vivo. Red cells with smaller Heinz bodies are 
most likely not sequestered by their “filterability” character- 
istics in the spleen. It seems more likely that macrophages 
recognize the membrane areas with attached Heinz bodies 
by their focal rigidity or biochemical changes of the mem- 
brane, eg, changes in the integral membrane proteins band 3 
and glycophorins. Depending on the size of the involvement, 
this would result in either a focal pitting or an extended 
engulfment with subsequent destruction of the whole RBC. 
Thus, our studies suggest that an oxidative damage with a 
limited number of small Heinz bodies represents primarily a 
biochemical hazard for the RBC (eg, a loss of water and 
potassium") and that a significant coverage of membrane 
endoface by Heinz bodies is needed for the R BC to encounter 
biophysical disturbances in the microcirculation. 
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Only Adult Hemoglobin Is Produced in Fetal Nonerythroid x MEL Cell Hybrids 


By S. Takegawa, M. Brice, G. Stamatoyannopoulos, and T. Papayannopoulou 


In order to test whether the ontogenetic origin of human 
parental cells influences the expression of globin genes, we 
did fusions of mouse erythroleukemia (MEL) cells with fetal 
or adult nonerythroid cells and we assessed globin expres- 
sion in hybrids. For selection of hybrid clones we used a 
monoclonal antibody that recognizes a human chromosome 
11-linked cell surface marker. Globin expression was 
assessed with fluorescent antibody labeling, globin isoelec- 
tric focusing, and S1 nuclease mapping. Chromosome 
11-containing hybrids from human nonerythroid cells (adult 
or fetal lymphoid cells; fetal fibroblasts) produced human 


OMATIC CELL HYBRIDIZATION, more specifical- 
ly, the fusion of mouse erythroleukemia (MEL) cells 
with various types of human cells, has been used as a tool in 
the analysis of human globin switching."* Previous studies 
have shown that transfer of human chromosomes from adult 
bone marrow cells! lymphoblasts,’ or fibroblasts? into MEL 
cells leads to inducible expression of human globin genes in the 
hybrids. However, only 8- and not y-globin expression is 
activated after these chromosomal transfers. In contrast, we 
have observed expression of mainly y-globin in hybrids of MEL 
cells with human fetal erythroid cells.* The latter observations 
have been interpreted as evidence that the program of globin in 
the parental cell determines whether there will be y expression 
in the hybrids. An alternative possibility is that the fetal human 
x MEL cell hybrids express y-globin because of the develop- 
mental derivation of the human parental cell from the fetal 
stage of human ontogeny. 

To test whether the origin of the human cells from the fetal 
stage of ontogeny influences the expression of the fetal or 
adult globin genes in the hybrids, we fused MEL cells with 
fetal fibroblasts or lymphoblasts. We found that these 
hybrids, like adult nonerythroid x MEL hybrids, express only 
B human globin. These results suggest that the derivation of a 
human parental cell from the fetal stage of development does 
not necessarily result in activation of the fetal globin pro- 
gram in the hybrids. Our results also support the concept that 
the hybrids of MEL cells with human fetal erythroid cells 
express fetal globin because they inherit a “program,” 
already existing in the parental cell, allowing y-gene expres- 
sion. 
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adult (8) but not fetal (y) globin chains. These results 
suggest that the MEL x nonerythroid cell hybrids express 
the adult human globin independent of whether the human 
cells derive from the fetal or trom the adult stage of human 
development. Our findings, together with previous obser- 
vations in MEL x fetal erythroid or MEL x HEL hybrids, show 
that the globin program of the parental human cell is the 
main determinant of the expression of fetal human globin 
in these hybrids. 

© 1986 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Cell and fusion procedures. The fetal liver B lymphocyte cell 
line was established by means of Epstein-Barr (EB) virus transfor- 
mation of a cell suspension from the liver of an abortus that was 129 
gestational days old. The fetal liver fibroblast strain was made from 
the culture and successive passage of an adherent cell population 
from the liver of an abortus that was 52 gestational days old. The 
adult EB virus-transformed B lymphocyte cell line was established 
from adult peripheral blood mononuclear cells from a normal donor. 
The tetraploid MEL cell line, clone 179, deficient in adenine 
phosphoribosyl transferase, was kindly supplied by A. Deisseroth, 
San Francisco. 

MEL cells were fused with the different human nonerythroid cells 
described earlier (1:10 cell ratio) in the presence of 50% (vol/vol) 
polyethylene glycol (#P-5402, molecular weight 1,450; Sigma 
Chemical Co, St Louis) in RPMI-1640 medium at 37°C. After 
washing once with RPMI without serum, the cells were resuspended 
in RPMI with 10% fetal calf serum (FCS) and cultured for 48 hours 
at 37°C before selective medium (containing adenine, alanosine, 
and ouabain) was added.' Growth of hybrids was detected 2 to 3 
weeks after fusion. Growing hybrids were expanded in nonselective 
medium and screened as described below. 

Screening of hybrid cells for human chromosome 11. Mono- 
clonal antibody 53/6 has a strong affinity to a cell surface antigen 
whose genetic determinants reside on chromosome 11. This antibody 
was used for screening and enrichment of human chromosome 
l l-bearing cells in hybrid population with the following live cell 
immunofluorescence assay and fluorescence-activated cell sorting 
(FACS). 

Hybrid cells were treated with 53/6 hybridoma culture superna- 
tant for 15 minutes at 4°C. After washing once with cold PBS 
(phosphate-buffered saline containing 1% PCS and 2 mmol/L 
sodium azide), they were incubated for another 15 minutes in 
fluorescein isothiocyanate (FITC)-conjugated goat F(ab‘), anti- 
mouse IgG (Tago, Inc, Burlingame, CA). Cells were again washed 
and resuspended at high density in PBS containing | ug/mL 
propidium iodide. The percentage of positive cells was estimated by 
observing wet-mount preparations under a fluorescence microscope. 
Positive cells appeared lightly speckled on their surfaces; dead cells 
and debris were bright red. Negative cells were invisible in fluores- 
cent light but could be counted by switching to bright field condi- 
tions. 

Hybrid populations with less than 20% positive cells with 53/6 
were enriched with FACS as previously described.’ For hybrids with 
more than 20% 53/6-positive cells, indirect panning* was used for 
enrichment instead of cell sorting using FACS. 

Preparations of hybrid cells expressing y- and f-chains were 
evaluated in hybrid populations enriched to 80% to 100% positivity 
with 53/6 by FACS or panning and induced for three to four days 
with HMBA and hemin.’ For detection of human globin expression 
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FETAL NONERYTHROID x MEL CELLS 


Table 1. Hybrids Produced by Fusing MEL Cells With Various 
Types of Human Cells 








Human Total Containing Human 
Parental Cell Generated Chromosome 11 
Fetal lymphoid 65 11 
Fetal fibroblasts 53 4 
Adult lymphoid 57 7 
Fetal liver 34 2 





by immunofluorescence, cells were fixed and doubly stained with 
anti—y- and anti-8-chain monoclonal antibodies,® the former conju- 
gated with FITC, the latter with rhodamine, as previously 
described.” 

Human globin chain synthesis was evaluated by isoelectric focus- 
ing'! after overnight labeling with *H-leucine of cells that had been 
induced for three to four days with HMBA and hemin. RNA was 
prepared"? from cells induced for three days. RNA was annealed to 
y- and -probes as described by Ley et al.? Unprotected sequences 
were digested by S1 nuclease, and protected sequences were sepa- 
rated by electrophoresis. 


RESULTS 


Detection and maintenance of human chromosome 11- 
containing hybrids. Fusion of MEL cells with lympho- 
blasts from a 129-day-old fetus generated 65 hybrids; a 
fusion of MEL cells with fibroblasts from a 52-day-old fetus 
generated a total of 53 hybrids. Fusions of MEL cells with 
adult lymphoid cells and fetal liver cells served as controls. 

The hybrids were first stained with McAb 53/6 two to 
three weeks after fusion, when they were composed of about 
10° cells. At this stage the greatest majority of the hybrids 
contained less than 1:1,000 53/6-positive cells; such hybrids 
were considered as 53/6 negative. Eleven of the 65 MEL x 
fetal lymphoid and four of the 53 MEL x fetal fibroblast 
hybrids were 53/6 positive (Table 1). 

Figure | shows the proportion of chromosome 1 I-contain- 
ing cells at the time of detection of the positive hybrids. 
Striking differences in frequencies can be noted. In two 
hybrids, 80% of the cells were positive when these hybrids 
were stained with 53/6 seventeen to eighteen days after 
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Fig 1. MEL x human cell hybrids containing human chromo- 
some 11. Frequency of chromosome 11-positive cells at the time of 
ascertainment of hybrids. & MEL x fetal lymphoid; O MEL x fetal 
fibroblasts; A MEL x adult lymphoid; lil MEL x fetal liver erythroid 
cells. 
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Fig 2. Maintenance of human chromosome 11-containing 
hybrids in culture by cell sorting. Note that a population of 10096 
positive cells ís generated after FACS sorting of populations 
containing 0.5% to 5% positive cells. 


fusion. In other hybrids ascertained at the same time only 1% 
of the cells retained human chromosome 11. 

Even hybrids with low frequencies of chromosome 11- 
retaining cells could be used in our studies, since the 53/ 
6-positive cells could be sorted by FACS; hence, the chromo- 
some | 1-containing hybrids could be maintained in culture in 
the absence of a selective culture system (Fig 2). Mainte- 
nance of such hybrids in culture required frequent monitor- 
ing of the frequency of 53/6-positive cells and either sorting 
using FACS (Fig 2) or panning. 

The measurements of 53/6-positive cells at various culture 
intervals provided information on the rate of loss of chromo- 
some 11 by these hybrids. Certain hybrids lose chromosome 
ll at a high rate (Fig 3A), while the rate of loss of 
chromosome 11 by other hybrids is retarded (Fig 3B). 
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Fig 3. Maintenance of chromosome 11-containing cells in cul- 
ture. Findings in two hybrids (A and B) showing different rates of loss 
of human chromosome 11. Broken lines represent FACS sorting. 


1386 


Because we knew the percentage of cells containing 
human chromosome |1 at various culture days, we could 
calculate the per-day rate of loss of human chromosome 11 
For example, six days after the first sorting of the hybrid of 
Fig 3A, 90% of the cells have lost their chromosome 11, 
corresponding to a loss of 15% per day. In contrast, 20 days 
after the second sorting of the hybrid of Fig 3B, 80% of the 
cells have lost their chromosome 11, corresponding to a loss 
of 4% per day. Data from sequential studies of several 
hybrids are summarized in Fig 4. There appears to be a 
decline in the rate of loss of chromosome 11 as culture time 
passes. Also, these data suggest that there exist differences in 
the rate of loss of chromosome 11 between lymphoid and 
fibroblastic hybrids. 

Expression of human globins. Globin phenotypes were 
first assessed with anti-y- and anti-g-chain McAbs, the 
former conjugated to FITC, the latter to rhodamine. Hybrid 
cell populations that were enriched to chromosome 11- 
positive cells (by panning or FACS) were tested for globin 
expression. Of the 11 MEL x fetal lymphoid hybrids, nine 
expressed human globins. All four MEL x fetal fibroblast 
hybrids expressed human globins. 

In the absence of induction by HMBA and hemin, only 
rare (1:500 to 1:1,000) cells expressed human globin. In 
contrast, 10% to about 60% of the cells were positive for 
human globins after induction. All human globin-expressing 
cells were human {-globin positive (Fig 5). No positive cells 
were observed after labeling with anti-y-chain McAbs. Data 
from measurement of 9-positive or y-positive cells in several 
hybrids are summarized in Fig 6. It is apparent that the 
MEL x adult nonerythroid cell hybrids fail to show cells 
containing y-globin, but they contain 8-globin- positive cells. 
In contrast, the MEL x fetal liver hybrids express y-globin 
consistently. RNA was prepared from hybrids after enrich- 
ment to chromosome | 1-positive cells by FACS or panning. 
The RNA was annealed to the y- and 8-probes described by 


* 


m 


n 
[FO a cem] 


> 


20 


/day ) 


[oj 
^o 
a 








w 10 

= 

E 

o 

o 

Oo 

£5 

E 

Q 

E -as 

O 0 

© 

E x 

Z5 Of 

u - 

$S tB 

XEM | $ A 

« lor 

o L 

S E N 

o - 

gc 5r — 
OL ie E i 





30 40 50 60 70 80 
Days after Fusion 


Fig4. Relationship between the rate of loss of human chromo- 
some 11 (calculated as described in Results) and culture time. (A) 
MEL x fetal lymphoid hybrids. (B) MEL x fetal fibroblastic hybrids. 
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Fig 5. 
fibroblast cell hybrid. Staining with anti-/7-chain McAb conjugated 
with FITC. 


Fluorescent antibody labeling of MEL x human fetal 


Ley et al," unprotected sequences were digested by SI 
nuclease, and protected sequences were separated by electro- 
phoresis. As shown in Fig 7, only 8-mRNA can be detected 
in the MEL x fetal nonerythroid hybrids. Hybrids were 
incubated with *H-leucine, the cells were lysed, and the 
lysates were used for globin chain isoelectric focusing. Only 
B-chains could be detected by this method in agreement with 
the results of immunofluorescence and S1 nuclease map- 
ping. 


DISCUSSION 


Somatic cell hybridization has been a useful tool for 
studying the control of gene activity in development and 
differentiation.'*"* The first application of the approach to 
the human globin system was done by Deisseroth and 
Hendrick,’ who observed that the human globin genes con- 
tinued to be active in hvbrids produced by fusion of MEL 
cells with human adult bone marrow cells. The availability of 
a selective marker (APRT) on chromosome 16 (containing 
the human a-globin locus) facilitated studies of the control of 
this locus using somatic cell hybridization. In contrast, there 
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Fig 6. Frequency of human ĝ-globin-positive cells and human 
'Y-globin-positive cells in (A) MEL x fetal lymphoid; (B) MEL x fetal 
fibroblasts; (C) MEL x adult lymphoid; and (D) MEL x fetal liver 
erythroid hybrids. @ data from the present study, O from reference 
4. 
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Fig 7. S1 nuclease mapping of RNA from MEL x fetal nonery- 
throid cell hybrids and controls. Total cellular RNA was cohybrid- 
ized to the 8 or y probes. In the hybrids, only the mRNA fragment 
protected by the J-globin probe was detected. 


are no markers for chromosome 11, on which the genes of the 
-globin cluster are located. Despite this absence, several 
experiments yielding important information were done. Will- 
ing et al’ fused MEL cells with human nonerythroid cells and 
found activation, in these hybrids, of the developmentally 
dormant 8-locus of the human fibroblast. Most interestingly, 
the 8- but not the y-genes of this locus were activated. The 
absence of y expression in these nonerythroid x MEL hybrids 
could be explained by several alternatives. One is that the 
MEL cells contain an inducer of 8-gene expression and lack 
an inducer of y-gene expression. A second possibility is that 
the MEL cells contain an inhibitor of y-gene expression. 
Another interpretation is that the adult developmental origin 
of the human parental cells is responsible for the expression 
of adult but not fetal human globin genes in the hybrids. 
Subsequent studies showed that although the y-globin 
genes are not expressed in hybrids of MEL cells with adult 
nonerythroid cells, the y-genes are expressed when fetal cells 
are fused with MEL cells.^ These results were explained by 
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. assuming that the parental human fetal erythroid cells 


transmitted to the hybrid the information needed for expres- 
sion of the y-globin genes. This information could be related 
to the "program" of the human parental cell, ie, its potential 
to express the y-globin genes; alternatively, it could be 
related to developmental time per se, ie, the origin of the 
human parental cells from the fetal stage of the human 
ontogeny. The experiments we describe here were done in 
order to test the latter possibility. We found that fetal 
fibroblasts or fetal lymphoblasts fused with MEL cells 
produce hybrids that express the adult human globin pro- 
gram and fail to express fetal globin. These results support 
the concept that the y expression in fetal erythroid x MEL 
hybrids reflects the program of the human parental cell 
rather than its origin from the fetus. y-Globin expression has 
been detected in hybrids of MEL cells with the human 
erythroleukemia line HEL," a line that expresses y-globin. 
As in the case of fetal erythroid x MEL hybrids, one can 
conclude that the MEL x HEL hybrids express y-globin 
because they inherit from the parental HEL cells à "pro- 
gram" allowing y expression. 

The expression of LDH-A, an enzyme whose locus is on 
human chromosome 11, has been used as a marker of human 
chromosome ll-containing hybrids." The use of mono- 
clonal antibody 53/6 for detection of hybrids containing 
human chromosome 11 offers a significant advantage over 
the LDH-A approach, since it allows ascertainment even of 
those hybrids that contain a small number of chromosome 
1 1-positive cells. Furthermore, since the hybrid cells preserve 
their viability after binding of the antibody, it is possible to 
sort the chromosome 11-positive cells by FACS or purify 
them by panning. Hence, hybrids that contain even 1:1,000 
chromosome 11-positive cells could be used for our studies. 
In the absence of culture conditions allowing for selection of 
chromosome ll-containing cells, the hybrids containing 
these cells are transient because of the continuous random 
segregation of human chromosome 11. As we have shown 
here, the use of a constitutive cell surface marker to detect 
the chromosome 11-positive cells allows rescue of these 
hybrids by sorting, or panning, it permits continuous growth 
of chromosome 1 1-retaining hybrids, and it allows accumu- 
lation of the large numbers of cells (10’ to 10* cells) required 
for certain molecular analysis (such as studies of chromatin). 
The immunochemical detection of constitutively expressed 
cell surface determinants can thus be used, in the absence of 
selective culture systems, in the analysis of the control of 
human genes through the approach of somatic cell hybridiza- 
tion. 
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The British Form of Hereditary Persistence of Fetal Hemoglobin 
Results From a Single Base Mutation Adjacent to an S1 Hypersensitive 
Site 5' to the ^y Globin Gene 


By V.E. Tate, W.G. Wood, and D.J. Weatherall 


The °y and ^y genes of an individual homozygous for the 
British form of ^y nondeletion hereditary persistence of 
fetal hemoglobin have been cloned and partially 
sequenced. The ĉy gene was normal, but the ^y gene was 
found to have a single base change (T — C) at —198 bp 


HE HUMAN 6-like globin genes are arranged in a 
single cluster on the short arm of chromosome 11 in 
their order of expression during development; 5' e9.-^- 
8-B-3.? During much of fetal life the °y- and “y-genes 
account for >90% of globin chain production directed by this 
cluster, but during the perinatal period this diminishes to be 
reciprocally replaced by adult -chain and a small amount of 
ó-chain. Although developmental changes in the structure of 
the complex have been described." little is known about the 
regulation of the differential expression of its constituent 
genes. One approach to this question is to analyze the 
molecular basis for conditions in which there is a genetic 
defect in the pattern of gene switching in the cluster. 

Conditions in which fetal hemoglobin production in adult 
life exceeds the normal level of «196, in the absence of any 
major hematologic changes, are known collectively as heredi- 
tary persistence of fetal hemoglobin (HPFH). They are 
phenotypically heterogeneous, both in the amounts of Hb F 
(azy) produced and in the ratio of y-and “y-chains that it 
contains. Molecular analysis of these conditions has shown 
that the majority are due to gene deletions removing variable 
amounts from the 3' end of the complex, usually including 
the ó-and -genes.'? However, in several cases gene mapping 
has shown no gross alteration of the structure of the complex 
in heterozygotes, despite the production of 1095 to 207; Hb F 
in adult life. In these nondeletion HPFH disorders, y-chain 
production is almost entirely derived from only one of the two 
y-genes, and in each case there is good evidence that the 
B-gene on the affected chromosome is also expressed. Clon- 
ing and sequencing of the overexpressed y-gene have 
revealed single base substitutions in several of these disorders 
in the region 5' to the transcription initiation point, at $4-202 
in °y8* HPFH 4y-117 in Greek HPFH,*' and “y-196 in an 
Italian case.* This region is believed to be of importance in 
transcriptional regulation, although as yet there is no direct 
evidence that these substitutions are responsible for the 
increased y-chain production. 

The British type of nondeletion HPFH has been described 
in a single large family, which is unique in that it contains the 
only described homozygotes for one of these conditions and 
that the phenotypic effects of the disorder have been studied 
not just in adults, but also from birth through early child- 
hood." We have cloned and sequenced both the y-and the 
^y-genes from one of the homozygotes; the only difference 
from normal is a single base substitution at position — 198 of 
the adult-expressed ^»-gene. 


MATERIALS AND METHODS 
Details of the British family here have been reported elsewhere.”!° 
Blood was obtained from one of the homozygotes (111.5) who has 
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relative to the cap site. Supercoiled plasmids containing 
normal y-genes or the mutant ^y-gene displayed an $1- 
hypersensitive site immediately 5' to the base change. 
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20% Hb F, mainly of the “y-type. High-molecular-weight DNA 
prepared from whole frozen blood of individual 11.5 was digested to 
completion with Bg/l1 (N.E. Biolabs, Beverly, MA) according to the 
manufacturer's instructions, and the DNA was enriched for the 
13-kb size range by 5% to 20% isokinetic sucrose gradient centrifu- 
gation. Appropriately sized DNA was cloned into the BamHI site of 
EMBL 3, and y-gene-containing phage were selected by hybridiza- 
tion with the nick translated 3.3-kb HindIII fragment from a 
plasmid subclone containing a normal ^y-gene. A 2.8-kb BstXl- 
HindMl 9y-fragment (coordinates 1299 through 4112 of Shen et 
al!) and a 3.3-kb HindIII *y-fragment (coordinates 5714 through 
9012) were subcloned separately into the HindIII site of pBR322, 
and the inserted DNA was sequenced by the method of Maxam and 
Gilbert" on both strands. 

SI nuclease analysis. Digestions of the ^y and ^y subclones 
were performed at a DNA concentration of 25 pg/mL, using 120 
units S1 nuclease (Sigma Chemical Co, St Louis) per milliliter, in 30 
mmol/L Na acetate pH 4.6, 3 mmol/L ZnCl;, 0.5 mmol/L EDTA, 
0.25 mol/L NaCl at 37 °C. Under these conditions the majority of 
DNA molecules were nicked once to produce open circles, but not 
linearized, as judged by ethidium bromide-stained agarose gel 
electrophoresis. Long periods of digestion were avoided to prevent 
progressive nuclease digestion away from the primary cut site. 
Plasmids were then cut with Stul and labeled, on either the 
antisense or sense strands using terminal transferase (Amersham, 
UK) and T4 polynucleotide kinase (NEN Research Products, 
DuPont UK), respectively, making it possible to measure the 
distance of any S1 nuclease-hypersensitive site (HSS) from the 
labeled site. The plasmids were redigested with Rsal, which cuts 24 
nucleotides to the 5’ side of the Stu site and 200 bp 3’ of the poly A 
addition site of the “y-gene. The products of these reactions were 
separated on denaturing polyacrylamide gels. Control plasmids were 
treated in the same way, but omitting the S1 enzyme, and then 
subjected to Maxam and Gilbert sequencing to act both as position 
markers and as controls. 

All other enzyme reactions and cloning and sequencing techniques 
used protocols as laid out by Maniatis et al." 


RESULTS 


Full details of the phenotypic effects of British HPFH 
have been described previously." Homozygotes are clini- 
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cally and hematologically normal except for increased Hb F 
levels of 18% to 21%, in which the proportion of ^y-chains is 
90% to 95%. Levels of Hb F in heterozygotes are lower, 3.557 
to 10%, with a similar 94-^« ratio but a markedly uneven 
intercellular distribution. Restriction enzyme mapping of the 
homozygotes has shown no abnormalities within the B-globin 
gene cluster ^; haplotype analysis showed homozygosity at all 
the polymorphic restriction enzyme sites in the B-globin gene 
cluster." 

Sequence of the °y-gene. The subcloned “y-gene was 
sequenced from position —325 bp to +503 bp relative to the 
cap site (+1). The sequence was almost identical to that 
described previously as the normal chromosome B allele 
(J. Slightom, personal communication, 1985)!™!6; the only 
differences were a T — C transition at —158 and a C — T 
transition at +210, both of which have been reported in other 
normal B-type alleles. 

Sequence of the *y-gene. — A total of 673 bp of the ^y gene 
were sequenced, from —383 bp to +290 bp, and the ^y 
sequence was also that of a typical B-type chromosome, but 
including the — 158 T — C and +210C — T changes noted 
in the “y-gene. One additional change was also observed, a 
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Fig 1. The DNA sequencing gel of part of the British HPFH 
^y-gene. The base change at position — 198 is indicated. 
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T — C transition at position — 198 (Fig 1), in a similar but 
different position to those seen in other cases of nondeletion 
HPFH. 

$1 nuclease sensitivity. Among the changes known to be 
associated with gene expression is an increased susceptibility 
of chromatin at the 5' end of the gene to digestion by a variety 
of nucleases. In some cases these regions may also be 


1 2 3 a 5 





: rm == d: 4. A 
Hod Ht Stull Si HSS Hingd iH 
* ++ 4 
(NE ~ 
A4 4 4 
Eco RE Rsai RRsat Bom Hi 


-184 — 


-190 — 


-208 — 


-216 + 





B 


Fig 2. (A) Restriction enzyme sites used in mapping the S1 
nuclease hypersensitive site (S1 HSS) in the ^y-gene. The shaded 
boxes are the coding regions and the triangle marks the poly A 
addition site. The sense or antisense strands were labeled at the 
Stu’ site, after S1 digestion, to enable position determination of 
the HSS, as detailed in Materials and Methods. (B) Major S1 
hypersensitive sites in plasmids containing normal (lanes 1 and 3) 
and British HPFH (lanes 2 and 4) Ay-genes, labeled on antisense 
{lanes 1 and 2) and sense (lanes 3 and 4) strands. Lanes 5, 6, 7,8 
are G, A, T, C sequencing products of British HPFH ^y-gene labeled 
on the sense strand at the Stu1 site. 
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Fig 3. Time course of 
conversion of plasmids con- 
taining normal (A) and British 
HPFH (B) ^y-genes from su- 
percoils (sc) to open circles 
(oc) or linear (1) molecules. 


demonstrable as S1 nuclease HSS in supercoiled plasmid 
DNA." Therefore, the S1 nuclease HSS in plasmids contain- 
ing normal “y- and “y-genes were mapped and the results 
compared with the “y-gene isolated from the British HPFH 
homozygote. 

Figure 2A shows the key sites used in the SI nuclease 
analysis, while Fig 2B shows that the strongest S1 HSS 
upstream of the ^y-promoter lies between nucleotides — 204 
and —220, immediately to the 5' side of the region in which 
the mutations in the British HPFH, and other forms of 
nondeletion HPFH, occur. There is no difference in the 
position or architecture of this SI HSS between the normal 
and British HPFH “y-genes. The only change that has been 
noted is that plasmids containing the British HPFH promo- 
tor regions appear to be converted to nicked circles by S1 at 
approximately twice the rate of the normal control (Fig 3). 
The S1 HSS is essentially symmetrical on sense and anti- 
sense strands and appears to show two hypersensitive regions 
within the overall HSS. This is shown diagrammatically in 
Fig 4. Plasmids containing the SA-promoter region show an 
identical S1 HSS, whereas “y- or “y-containing plasmids, 
linearized before S1 treatment, do not show sites of SI 
sensitivity (data not shown). Therefore, S1 hypersensitivity 
is a property of DNA structure and requires torsional stress 
for its induction. There are additional, much weaker, sites of 
S1 hypersensitivity, on the antisense strand only and center- 
ing around nucleotides —190, —184, and —124 found in 
both the normal and the British HPFH “y-genes (Fig 2B), as 
well as one site at —420 on the “y-genes but not on Sy (data 
not shown). 


DISCUSSION 


Cloning and sequencing of the y-genes from a homozygote 
for British HPFH has demonstrated, as the only unusual 
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feature, a single base substitution (T — C) at position — 198, 
5' to the cap site of the overexpressed “y-gene. This observa- 
tion, together with three single base substitutions described 


recently in similar disorders (at ây — 117 in Greek HPFH, at 
^» — 196 in an Italian case, and at ^y —202 in °y8* HPFH) 
and the lack of similar substitutions in the normal 
3-genes, ^ makes a causal relationship between the substi- 
tution and the phenotypic effect of increased y-chain produc- 
tion in adult life very likely, even if it has yet to be 
demonstrated directly. 

The region of DNA 5’ to the y-genes has been implicated 
in the regulation of y-gene expression by several lines of 
evidence. Deletions that remove sequences between — 260 
and ~ 104 cause a marked reduction of y-gene transcription 
in a transient expression assay." The region is marked by 
upstream transcription initiation sites"? although the sig- 
nificance of such sites has yet to be established. Digestion of 
intact nuclei with DNase | has revealed a DNase | HSS 5' to 
the expressed y-genes at — — 100 in K562 erythroleukemia 
cells? and in human fetal erythroid cells when y-chain 
production is fully active, but not in adult cells, where they 
are largely repressed.* Such sites appear, therefore, to play a 
developmentally related role in regulation in vivo. 

Of the nondeletion HPFH disorders, the British family is 
the best characterized at the phenotypic level." Thus, at 
birth, British HPFH heterozygotes have normal Hb F levels 
and a normal 94-^« chain ratio; were the affected chromo- 
some producing y-chains at the same ratio as in adult life 
(29095 ^y), it would have been readily detectable in the 
newborn period. Adult homozygotes for British HPFH show 
no hematologic abnormalities and, in particular, no evidence 
of imbalanced production of œ- versus y + -chains. In other 
words, y-chain production in these cells does not appear to be 
additional to a normal level of 8-chain production, but to be 
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Fig 4. Diagrammatic representation of the S1 HSS 5' to the promoter of the ^y-gene. The sizes of the arrows represent the frequency 


with which a particular site is cut. *T — C transition in British HPFH. 
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associated with a reciprocal reduction in -chain outpu:. 
Furthermore, the intercellular distribution of Hb F is clearly 
heterogeneous, and in heterozygotes, many cells do nct 
contain detectable amounts of Hb F.?.'? 

If the single base substitutions upstream from the y-genes 
are responsible for the increased Hb F production in these 
disorders, does the phenotypic information provide any clues 
or place any constraints on the mechanism? The most likely 
explanation is that the region upstream of the affected gene 
is involved in the interaction with a trans-acting factor and 
that the effect of the substitution is to increase the affinity of 
this sequence for a factor that promotes -gene expression or, 
alternatively, to decrease its affinity for a repressor molecule. 
It is clear from the deletion HPFH conditions and other 
disorders that all of the trans-acting factors required for 
y-gene expression are present in adult cells. Furthermore, 
there is evidence that all adult erythroid cells have the 
potential for Hb F production and that the low level of 
“y-gene expression in a small proportion of adult red cells (F 
cells) appears to be controlled stochastically. It is quite 
plausible, therefore, that the effect of the single base substi- 
tution, by altering the affinity for a putative trans-acting 
factor, would be to increase the normal propensity of adult 
cells to make a little Hb F rather than by activating a 
dormant gene in a novel manner. This notion is consistent 
with the variable Hb F levels in heterozygotes and the 
heterocellular distribution. One would not expect, therefore. 
any effect during fetal life when y-gene expression is maxi- 
mal anyway, presumably as a result of a more profound 
change in chromatin structure of the globin gene complex. 
This again is consistent with the observations on the pheno- 
type in the cord blood of heterozygotes. !? 

The reciprocal relationship between y- and 8-chain syn- 
thesis in the affected cells is likely to be a direct corollary of 
y-gene transcription. Although we have no evidence in the 
British HPFH family that the reciprocity is a cis-active 
effect, that does appear to be the case in °y8* HPFH when 
there is a 8 or 8€ marker on the other chromosome; any 
competition between y- and -genes for trans-acting factors 
should affect both 8-genes equally. Models in which reci- 
procity in y- and -gene expression could occur as a result of 
a 3 —. 3' polarity in the propagation of altered chromatin 
structure during erythroid cell maturation have been dis- 
cussed previously.'*”> A delay in this progression as a result 
of an increased propensity to transcribe the affected y-gene 
in adult cells could result in reduced B-gene transcription. 

The four single base substitutions associated with nondele- 
tion HPFH (Fig 5) could represent a single regulatory region 
spanning at least from —117 to —202, or two separate 
regions, one based on —117 and the other including — 196 
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tion HPFH. The —158 change is represented by a broken box 
because it appears to be expressed only in adults with sickle cell 
anemia or B-thalassemia as a relatively high °y-*y ratio.” 


through —202. The —117 site lies within the upstream 
member of a duplicated region of 16 nucleotides, which 
includes the CCAAT box, a region of known regulatory 
importance.""* The sites based around — 200 are adjacent to 
a GC-rich region with similarities to regulatory sequences 
associated with the 21 bp repeat of SV40 virus," herpes virus 
TK." and an African green monkey gene.” These sequences 
are known to be associated with the binding of a specific 
protein, SP1.” This is also the region that we have demon- 
strated to contain the S1 HSS site in supercoiled plasmids 
containing the normal °y- and “y-genes. 

An SI HSS has been mapped to a string of G residues 
(—196 through — 180) in the chick adult 8-globin gene, ^? 
although cutting is unilateral in this case, and to a homopu- 
rine stretch in the region —199 through —207 in human 
8-globin genes." The y-globin gene HSS is less homogeneous 
in that it contains a block of seven pyrimidine residues, 
followed by five consecutive purine residues, and is bilateral. 
It will not form any apparent cruciform structure, which 
could account for its nuclease sensitivity, and therefore the 
sequence requirement for its structure is unclear. Although 
the ^y HSS was unaffected by the base substitution at 
position — 198 in the British HPFH “y-gene, it is possible 
that a trans-acting regulatory element interacting with the 
S1 HSS site might have further contacts in the — 200 region 
that are altered by the substitution. Although we can only 
speculate about such mechanisms at the moment, it should 
soon be possible to approach the question of specific protein 
binding to the region immediately upstream of the y-genes, 
greatly facilitated by the availability of cloned material from 
four different but similar natural mutants. 
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8?-Thalassemia in Association With a y-Globin Gene Quadruplication 


By K.G. Yang, J.Z. Liu, F. Kutlar, A. Kutlar, C. Altay, A. Gurgey, and T.H.J. Huisman 


We have studied the hematology, hemoglobin composition, 
and globin gene arrangements in one young Turkish boy 
with a @°-thalassemia homozygosity and in 11 of his rela- 
tives. Evidence is presented that the chromosome with the 
8°-thalassemia determinant carries a y-globin gene qua- 
druplication, perhaps in a -Sy-S-ySy_Ay_gene arrangement. 
The eight 'y-globin genes in this patient produced ĉy and ^y 
chains in a 95 to 5 ratio, and nearly 9996 of the patient's 
hemoglobin was of the fetal type. The clinical condition 


ECENTLY WE HAD the opportunity to study several 
members of a Turkish family with 8°-thalassemia, 
including a young boy who was homozygous for this condi- 
tion. An interesting observation was that the chromosome 
with the 5?-thalassemia determinant carried four y-globin 
genes (e-y-y-y-y-V/B-0-B 7^), which resulted in the synthesis of 
hemoglobin F (HbF) with mainly °y chains. This report 
provides details of the study. 


MATERIALS AND METHODS 


Blood samples were collected in vacutainers with EDTA as 
anticoagulant, and shipped in wet ice by air from Turkey to Augusta, 
GA. Hematological data were obtained using an automated cell 
counter. 

Hb analyses involved cellulose acetate electrophoresis at pH 8.9, 
HbA, quantitation by microcolumn chromatography," HbF quanti- 
tation by alkali denaturation [%Fap],° by a more accurate chemical 
procedure (%Fy,],* and by cation exchange high-performance liquid 
chromatography (HPLC) HbF was isolated by DEAE-cellulose 
chromatography? and its chain composition determined by reverse- 
phase HPLC". 

DNA was isolated from peripheral white cells of the propositus 
and 11 relatives by the method of Poncz et al." These samples were 
digested with the restriction enzymes Hincll, Xmnl, Bglll, Bell, 
Hind, Avall, Hpal, Sphl, and BamHI, and hybridization was 
with one of the following probes: e yIVS-II, inter-y, V, and 
BIVS-IL Details about probes and methodology are given else- 
where." In some instances, the X-ray film was scanned to evaluate 
the relative intensities of some of the bands. The number of a-globin 
genes was determined through hybridization of Bg/ll, BamHI, 
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resembled that of a thalassemia intermedia. HbF levels in 
eight -thalassemia heterozygotes varied between 0.5 and 
4.2% and the percentages of ^y in this HbF averaged at 
87% or 95%; this level is to some extent related to the 
haplotype of the normal chromosome. All subjects carried 
four a-globin genes; a new Bglll polymorphism was 
observed within the Ya-globin gene. 

® 1986 by Grune & Stratton, Inc. 


Hpal, and EcoRI digests with the a and ¢ probes following method- 
ology routinely in use in our laboratory, ? 


RESULTS 


The family. The propositus was a 10-year-old boy who 
was known to have a homozygous @°-thalassemia. He had no 
facial changes suggesting a severe Cooley's anemia and did 
not require blood transfusions. Growth was greatly retarded 
with weight and height below the third percentile. The liver 
and spleen were 10 cm and 20 cm, respectively, below their 
costal margins. A recent splenectomy greatly improved the 
propositus’ clinical condition. He belongs to a large family in 
Gaziantep, in southeastern Turkey. From the abbreviated 
pedigree of Fig 1 a considerable consanguinity is evident; the 
parents are first cousins because their fathers are brothers, 
and their mothers, although more distantly, are also related 
to each other and to their husbands, 

Hemoglobin analyses. Hematologic data are given in 
Table 1. A distinct microcytosis with mild hypochromia was 
present in all subjects with elevated levels of HbA). The 
propositus (VI-2) had a moderate hypochromic, microcytic 
anemia with poikilocytosis; HbA, was 1.4%, HbF was 98.6%, 
and HbA was absent. In vitro chain synthesis analyses gavea 
high a/non-e ratio of 3.13. All 6°-thalassemia heterozygotes 
with elevated HbA, levels (4.1% to 5.1%) had slightly 
elevated levels of HbF (0.5% to 4.2% as %F ye: 0.7% to 3.8% 
as "tF4p; the correlation between the individual values 
obtained with the two methods was poor). The chain 
composition of the HbF showed high Cy values for the 
propositus V1-2 (95.3% 94) and for the eight 8-thalassemia 
heterozygotes (85.0% to 95.3%). 

DNA analyses. Digests of DNA from the propositus 
(VI-2) with the enzymes Xmnl, BglIl, and Bcl} contained 
large fragments which hybridized with the yiVS-II and 
inter-y probes; their sizes were consistent with a Yy-globin 
gene quadruplication.'* The patient was identified as a 
homozygote because normal-sized fragments were not 
observed (Fig 2). All eight @-thalassemia heterozygotes had 
the same large fragments in addition to the normal-sized 
8-kb Xmnl, 13-kb Bg/ll, and 18-kb Beil fragments. Haplo- 
typing involved nine restriction sites (Hincll 5' to e; Xmnl 5' 
to Sy; HindMI within Sy and ^y; Hincll within VB and 3’ to 
it, Avall in 8; Hpal and BamHI 3' to B) and showed 
homozygosity at all sites in the propositus. Figure 2 illus- 
trates the HindIII fragments observed in DNA digests of the 
propositus and his 11 relatives after hybridization with the 
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Fig 1. Abbreviated pedigree of Family S with a chromosome 


with a y globin gene quadruplication and a J"-thalassemia. Haplo- 
type of the (yyv7)-8°-thalassemia is listed below the symbol of the 
propositus VI-2, and the haplotypes of the normal chromosomes 
under the symbols of the 11 relatives from whom DNA was 
available. 


yIVS-II probe. The propositus had a 7.2-kb fragment only 
(indicating +/+ at y) and 3.5- and 2.7-kb fragments ina | 
to 2 ratio, suggesting the presence of this restriction site in 
two of the three additional y globin genes. Three of his 
relatives had a 1:3 ratio and six had a 1:1 ratio, while two 
normal relatives had the 3.5-kb fragment only (indicating 
—/— at ^y). The haplotype of the (yyyy)-8?-thalassemia 


chromosome was [~ — (+ + + —)+ + — + +]. Three 
haplotypes were found for the normal chromosomes: 
[+ -—- o + +] in four 8-thalassemia heterozy- 


gotes (including the mother) and in three normal relatives; 


[^ - + + ~ + + + 4+] in three -thalassemia heterozy- 
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gotes (including the father) and in one normal relative, and 
[^ - + - + + + + -]inoneB-thalassemia heterozygote 
and in two normal relatives. Haplotypes for the individual 
family members are listed in Fig |. 8-Thalassemia heterozy- 
gotes with haplotype [— — + + — + + + +] (V-2, V-3, 
and VI-4) had the high 2.7/3.5-kb HindIII fragment ratio of 
3, as expected. The number of a-globin genes was four in ail 
members listed in Table 1 and Fig 1, and no ¢ deletions were 
observed. Eight subjects (including the propositus and his 
parents) had a newly discovered Bg/1l restriction site within 
the ya globin gene; the two brothers of the propositus (VI-3 
and V1-4) had this site on both chromosomes. 


DISCUSSION 


The 8?-thalassemia in the propositus is unusual because 
this homozygous patient never required blood transfusions, 
despite a rather severe clinical condition marked by a moder- 
ate anemia, retarded growth, and severe hepatosplenomega- 
ly. Most likely, the large number of y-globin genes (eight 
total) might contribute to a production of y chains which is 
probably higher than in a homozygote with the normal 
number of y-globin genes. Interestingly, none of the eight 
B-thalassemia heterozygotes had markedly elevated levels of 
HbF; the greatly increased production of y chains apparently 
depends on the anemic condition of the subject. The specific 
mutation leading to this type of @°-thalassemia is presently 
under study. 

It is difficult to define the quadruplication of the y-globin 
gene in greater detail without data from sequence analyses. 
Recently, Liu et al% identified the crossover area between 
3-globin genes in two patients with a y-globin gene triplica- 
tion. Both adult subjects, one Yugoslavian' and the other 
Turkish, were heterozygous for a chromosome with one ^y- 
and two “y-globin genes in the -°y-°y-*y-arrangement. The 
differences between the two conditions were in the crossover 
region between the first two “y-globin genes; the Yugosla- 
vian patient had a crossover between bases 6591 and 6663, 











Hb PCV RBC MCV A; Faot Fut GS 
Case Sex/Age g/dL 1/1 10°/L fl 96 96 96 96 
IV-1 F-55 10.7 .45 5.7 74 4.1 3.8 0.9 88.0 
IV-2 M-65 12.0 .45 4.2 98 2.5 0.4 —-— — 0 omm 
iv-3 M-70 — aet dd — 2.6 0.1 — — om 
V-1 M-34 — — — — 4.5 3.7 4.2 87.2 12.8 
V-2 M-18 mE — — — 4.8 3.7 4.2 95.1 4.9 
v-3 M-36 12.8 D1 yo 69 44 2.5 1:2 95.3 4.7 
V-4 F-35 9.7 .41 5.4 72 4.7 3.1 0.8 87.0 13.0 
V-5 M-32 = = — — 5.1 0.7 1.8 87.9 12.1 
V-6 F-26 RE xe — == 2.5 0.2 — me 
Vi-1 F-12 10.4 44 6.4 68 4.3 1.1 0.5 85.0 158.0 
Vi-2 M-10 10.6 .34 3.6 82 1.4 98.6 (HPLC) 95.3 4.7 
Vi-3 M-8 12.3 .46 4.9 91 2.6 0.3 — — — 
VI-4 M-6 10.9 .42 6.0 67 4.2 0.9 1.8 94.3 5.7 





Abbreviations: PCV, packed cell volume; MCV, mean cell volume. 


*Hematological data on freshly collected blood samples; the propositus was splenectomized, which increased his Hb level from 8 to 9 g/dl to above 


10 g/dL. 
{By alkali denaturation.s 
£By a chemical procedure.4 
§By reverse HPLC.7 
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Photographs of X-ray films illustrating restriction fragments in DNA samples from the propositus, from several of his relatives, 


and from a few controls. (A) c, normal control; X, baby with y globin gene triplication on one chromosome: v, propositus with Y globin gene 
quadruplication on both chromosomes. (B) The samples correspond to the subjects listed in Table 1; two controls (c) are included. 
Densitometric scanning gave ratios between 2.7-kb and 3.5 kb fragments of 2.13 (patient VI-2); of 2.96, 2.95, and 2.85 (samples V-3, IV-4, 
and V-2); and of 0.93, 0.88, 0.98, 1.00, 0.92, and 0.89 (samples V-4, IV-1, VI-1, VI-3, V-1, and V-5). Subjects IV-3 and V-6, both normal, had 


the 3.5-kb fragment only. 


which resulted in a “y-type promoter region 5’ to the second 
Sy-globin gene causing high Sy production, while in the 
Turkish patient this crossover was between bases 6905 and 
7085, resulting in an “y-type promoter region 5' to the second 
Sy-globin gene and in a lower °y production. Perhaps the 
quadruplication in our patient is of the -94-94-94-^4-type, 
since the HindIII polymorphic site, known to occur fre- 
quently in °y- but not in “y-globin genes,'*?° was observed in 
three of the four y-globin genes (Fig 2). Thus, one can 
speculate that this quadruplication was the result of a second 
crossover between a chromosome with a -°y-°y-'y-triplica- 
tion and a normal -°y-*y-chromosome. Sequence analyses 
will be required to further evaluate this possibility. It is 
interesting that the contribution of the two “y-globin genes to 
the total y chain production is only 5%. 

The consanguinity in this family has limited the number of 
haplotypes of the normal chromosomes. The three types 
listed in Fig | and Table 2 occurred in the three normal 
members as well as in the eight 8-thalassemic heterozygotes. 
Table 2 compares the HbF data for these eight adults. The 
four g-thalassemia traits with the normal haplotype 
(+ --— — — ~ + + +] and the one §-thalassemia trait 
with the normal haplotype [— — + — + + + + —] had 
significantly lower °y values (85.0% to 88.0%) than the three 
8-thalassemia traits with the normal haplotype 
[^ = + + — + + + +] with y values of about 95%. No 
difference in total y chain production was evident. A recent 
study of normal female adults with a homozygosity for 
haplotype [+ — — — — — + + +] showed low HbF levels 
with extremely low °y values of about 10%.” Thus, the 


contribution by the normal chromosome with this haplotype 
(labeled type C in ref 21) and perhaps also by that with 
haplotype [- — + — + + + + ~] (Table 2) tothe y chain 
composition of the HbF of these g-thalassemia heterozygotes 
concerns primarily the ^y chain, thus lowering the total Sy 
level. This incidental observation confirms our previous 
data,” suggesting that chromosomes with specific haplotypes 
are associated with distinct °y-to-y ratios in the HbF that is 
produced. 


NOTE ADDED IN PROOF 


While this paper was under consideration for publication, Dr J.Z. 
Liu succeeded in showing that the 3*-thalassemia in this family was 
the result of the deletion of bases 74 and 75 in the codon for amino 
acid residue number 8 of the 6 chain. The deletion of this AA 
dinucleotide was first observed by S.H. Orkin and S.C. Goff (J Biol 
Chem 256:9782, 1981) in other 8-thalassemia patients from Turkey. 


Table 2. HbF and G, Percentages in A-(yyy7)-0°- Thalassemia 
Heterozygotes With Normal Chromosomes 
With Specific Hapiotypes 








Haplotype of Fig Y 
Case Normai Chromosome 96 96 
IV-1 Biden Eg 0.9 88.0 
V-1 fey Sadan Aen T 4.2 87.2 
V-4 de bed e 0.8 87.0 
VI-1 pres a an. e Spr oe 0.5 85.0 
v-2 acim is rs a ie 4.2 95.1 
v-3 -= ttt BR RA 1.4 95.3 
Vt-4 ese dese ecce pesos 0.8 94.3 
V-5 i += +++ 1.8 87.9 





(yyyy)-B°-THALASSEMIA HOMOZYGOSITY 


Our data were obtained as follows: A 10.5-kb Bell fragment 
containing the 8 gene was cloned with EMBL 3 phage. A 2.9-kb 
fragment containing the B gene was prepared and purified from an 
Hpal/ Pst1 double digest of the recombinant EMB-8° DNA. Frag- 
ments of an Rsal/ Haelll double digest of this 2.9-kb fragment were 
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subcloned into phage M13mP11; one subclone contained the DNA 
insert which originated 5' to the 8 globin gene and contained the exon 
1 (bases from —76 to +132). Sequencing by the dideoxy method 
identified a 5’ TGAGGAG—GTCTG 3' sequence replacing the 
normal 55 TGAGGAGAAGTCTG 3' sequence. 
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Substance P Receptors in Rat Spleen: Characterization 
and Autoradiographic Distribution 


By Christian J. Wiedermann, Kaspar Sertl, and Candace B. Pert 


The interaction of substance P with intact lymphatic tissue 
was quantified and autoradiographically visualized, using 
slide-mounted tissue sections of rat spleen. Radiolabeled 
substance P binds rapidly to an apparently single class of 
noninteracting high affinity sites (K, = 2.4 nmol/L: 
Bmax = 9.4 fmol/ mg protein). The ligand selectivity pattern 
suggests that substance P binding sites are similar to 
substance P receptors found in other tissues, including the 
brain, T lymphocytes, and macrophages. Substance P 


UBSTANCE P (SP), an undecapeptide of amino acid 

sequence, Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly- 
Leu-Met-NH,. is found to be present in the central and 
peripheral nervous system and in gut.'? Preliminary results 
also suggest the presence in a bone marrow-originating cell 
type.’ In the central nervous system, SP is a putative pain 
neurotransmitter,’ and in the intestinal tract it evokes potent 
excitatory actions.' [n sensory nerves supplying local sites of 
chronic inflammation, elevated levels of SP have been 
detected, thus implicating a role for SP to play in mediation 
of allergic reactions.* Upon antidromic release from these 
primary afferents, SP was found to cause an inflammatory 
response, and it is demonstrated that SP modulates the 
severity of joint injury in experimental arthritis.’ Subse- 
quently SP has been shown to affect functions of mast cells,’ 
polymorphonuclear leukocytes,’ monocytes /macrophages,*” 
and lymphocytes.'*!! These studies suggest the existence of 
specific, functional receptors for SP on different types of 
blood ceils. Direct labeling of SP receptors was achieved on 
cultured human IM-9 lymphoblasts,'? on subpopulations of 
human T and B lymphocytes,'*"* and on guinea pig perito- 
neal macrophages. Since SP receptor expression does not 
seem to be a characteristic of immune cells per se, we studied 
the presence of SP receptors in lymphatic tissue, and we 
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receptors are highly concentrated in the antigen-trapping 
spleen marginal zone, with low densities being found in the 
red pulp. No specific binding of radiolabel to T cell- 
dependent immunologic domains of the spleen is seen. The 
distribution of substance P receptors suggests that sub- 
stance P is probably involved in the control of sensory 
functions of the immune system. 

9 1986 by Grune & Stratton, Inc. 


report the autoradiographic localization of in vitro I- 
labeled SP receptors in rat spleen. 


MATERIALS AND METHODS 


Preparation of sections. As described previously, ^ 24-um-thick 
serial sections of frozen rat (adult female, Sprague-Dawley) spleens 
were thaw-mounted onto subbed slides, placed under vacuum in a 
chilled desiccator jar, stored overnight between 0 °C and 4 °C and 
assayed the next day. Protein determinations" of representative 
samples of sections were performed. 

Assay. Slides with two spleen sections mounted on each were 
placed in stainless steel racks and immersed in a medium of 158 
mmol/L NaCl, 4.75 mmol/L KCl, 1.27 mmol/L CaCL, 1.42 
mmol/L MgCl; 11 mmol/L dextrose, 15 mmol/L Tris-HCI at pH 
7.4, containing 0.2 mmol/L guanosine 5'-triphosphate (Sigma, St. 
Louis). Following a 30-minute incubation, sections were washed by 
two sequential five-minute incubations in 500 mL of 50 mmol/L 
Tris-HCI buffer, pH 7.4. To label SP receptors, incubations were 
performed in an assay medium consisting of 50 mmol/L Tris-HCl 
buffer, pH 7.4, 50 ug/mL bacitracin, 4 ug/ml chymostatin, 4 
g/mL leupeptin, 5 mg/mL bovine serum albumin (all from Sigma, 
St. Louis), 3 mmol/L MgCl, and 50 nmol/L iodinated Bolton- 
Hunter-coupled SP (["I]BH-SP: New England Nuclear, Pitts- 
burgh). Following incubation at room temperature, the slides were 
washed by four sequential two-minute incubations in ice-cold buffer 
containing 3 mmol/L MgCl,. They were dried under a stream of 
cold air. Nonspecific binding was defined as binding in the presence 
of | umol/L SP, and it was normally below 15% of total binding. 

For biochemical experiments, individual sections were scraped off 
slides and bound radioactivity was determined by gamma counting 
(efficiency 0.79%). For autoradiography, the sections were fixed 
with hot formaldehyde vapor'* slides were placed in X-ray cassettes 
and exposed to tritium-sensitive film ([^H]Ultrofilm; LKB, Rock- 
ville, MD). Films were developed after five days of exposure. Slides 
were then defatted and dipped in liquid emulsion (NTB-2; Kodak, 
Rochester, NY), exposed for 14 days at 4°C, developed, and 
counterstained with hematoxylin-eosin. 

Peptides were purchased from Peninsula Laboratories (Belmont, 
CA). 


RESULTS 


Characterization of ['"I]BH-SP binding to slide-mounted 
sections. The time course of association of ("I]BH-SP was 
assessed in two separate experiments by incubation of dupli- 
cate slides (two spleen sections mounted on each) with 0.1 
nmol/L ['?1]BH-SP for 3 to 120 minutes. At room tempera- 
ture, binding reached a plateau within approximately 45 
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minutes, being half-maximal at 12 minutes with a pseudo- 
first order rate constant Ky, of 0.055 min`! (Fig 1A). 
Incubation time of further experiments was 40 minutes. 

Figure 1B illustrates that specific binding appeared to be 
saturable. The lower inset of Fig 1B shows that a double- 
reciprocal plot of the specific binding data yields a straight 
line (r = 0.95), suggesting that binding occurs to à single 
class of sites. From this plot a K, of 2.4 nmol/L and a Bmax of 
9.4 fmol/mg protein were calculated. {'°1]BH-SP appeared 
to bind to noninteracting sites because a Hill plot of the 
specific binding data (Fig 1, upper inset) yielded a line with a 
slope of 0.93 (r = 0.94). 

SP is highly potent in binding competition experiments 
against ['“1]BH-SP, and SP[3-11] possesses appreciable 
activity (Fig 2). Mean concentrations (7 = 3) displacing 5096 
of specifically bound [^1] BH-SP (ICs) were 0.55 x 107* 
mol/L and 0.80 x 1075 mol/L, respectively. In contrast, 
similar concentrations of SP[1-4] failed to significantly 
inhibit the binding. 
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Fig 1. (A) Kinetics of ['*I]BH-SP association to rat spleen 
incubated with 0.1 nmol/L of radiolabel at 22 °C for indicated 
periods of time. Points are the means + standard deviations of two 
experiments each performed in two duplicates. Inset: Pseudo-first 
order rate plot of the data. B, specific binding; eq, at equilibrium; t, 
at incubation time. (B) Binding of ["*t]BH-SP as a function of 
radiolabeled peptide concentration. Points are the means of tripli- 
cate assays; results are representative of two experiments. Upper 
inset: Hill plot of the data by using the Bn. of 9.4 fmol/ mg protein 
obtained in the double-reciprocal plot. Lower Inset: Double- 
reciprocal plot of the data F = [free ligand]; 8 = [bound ligand]. 
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Fig 2. Pharmacology of SP binding to rat spleen. Specific 
binding of 0.1 nmol/L ['"*I]BH-SP as a function of unlabeled SP ioL 
SP[3-11] (A) and SP[1-4](IiB). The mean value is indicated for three 
separate experiments each conducted in two duplicates. 


Autoradiography. The regional distribution of SP 
receptors within the spleen was investigated using in vitro 
autoradiographic techniques. SP receptors are concentrated 
in the red pulp (Fig 3A). Highest grain densities are found in 
the marginal zone (Figs 3A, 3C, and 3D). Controls treated 
with 1075 mol/L unlabeled SP show minimal binding (Figs 
3B. 3E, and 3F). No specific binding to structures of 
periarteriolar lymphoid sheath or peripheral white pulp can 
be seen. 


DISCUSSION 


The present biochemical results clearly indicate the pres- 
ence of SP receptors in rat spleen. [^1] BH-SP bound with 
high affinity to a single class of noninteracting receptors (Fig 
1). The affinity is compatible with that of ['^1]BH-SP 
binding to SP receptors in rat brain slices" and on synaptoso- 
mal membranes.” Specificity of this high-affinity binding 
has been confirmed by obtaining the appropriate relative 
potencies of SP, SP[3-11], and SP[1-4] in competing with 
radiolabeled SP (Fig 3). As described for SP receptors in rat 
brain," SP[3-11] is about 70 times less effective in [1] BH- 
SP binding inhibition than SP. The importance of the 
carboxyterminal amino acids of SP for binding is indicated 
by the relative weakness of SP[1-4] in displacing radiolabel. 
The data are in agreement with results obtained for human 
circulating T lymphocytes," and guinea pig peritoneal 
macrophages." 

Autoradiographic visualization of {'*I]BH-SP binding 
sites shows that SP receptors are distinctively distributed 
(Fig 3). Specific grains are present in red pulp. Highest grain 
densities are located to the marginal zone (MZ). Surprising- 
ly, no specific binding was visible in T lymphocytic domains 
of the spleen, ie periarteriolar lymphoid sheath,” even 
though 7,000 receptors per cell were demonstrated on sub- 
populations of human peripheral blood T lymphocytes.” 
Direct and/or indirect evidence has been obtained for the 
presence of SP receptors on several types of immune cells, 
including T lymphocytes, B lymphocytes, polymorphonu- 
clear leukocytes, monocytes, and macrophages. From this we 
conclude that the functional significance of SP receptors in 
the immune system depends on the physiological context. 
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Fig 3. Autoradiographs of ['*I]BH-SP receptor distribution in rat spleen. Slide-mounted sections were incubated at optimum 
conditions in 0.1 nmol/L [""I]BH-SP in the absence (A, C, D) or presence (B, E, F) of 1 umol/L unlabeled SP. (A) Distribution of grains on 
fixed sections without counterstain; magnification 5x. (B) Control for (A). (C) Higher magnification (x400), counterstained with 
hematoxylin-eosin and (D) corresponding darkfield photomicrograph. (E, F) Control for (C, D). 


SUBSTANCE P RECEPTORS IN RAT SPLEEN 


The MZ at the border of white pulp and red pulp of the 
spleen is a unique structure. Terminal branches of the 
arterial system in the white pulp discharge their contents 
between the cells of the MZ, in order for the cells to meet 
antigens arriving in the spleen.” The antigen is picked up 
from the MZ by a subpopulation of red pulp mononuclear 
phagocytes, so-called "marginal metallophyls," and trans- 
ported into the white pulp to initiate specific immune 
responses.” Thus, the presence in high concentration of SP 
receptors in the MZ indicates potential importance of SP in 
mediation of the immune systeins afferent limb function; 
enhancing effects of SP on phagocytosis,’ cell migration,’ 
and antibody production'' have been reported in vitro. Uti- 
lizing autoradiography, we are therefore able to correlate SP 
receptor expression with a functional immunologic domain in 
intact lymphatic tissue. 

Based on the data presented in this report, no direct 
conclusion for the cell type that is bearing SP receptors can 
be drawn. Indirect evidence suggests that specialized splenic 
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macrophages/marginal metallophyls might display SP 
receptors: (1) distribution patterns for SP receptors (Fig 3) 
and marginal metallophyls which are typically and most 
abundantly present in MZ? appear to be identical, and (2) 
other cell types that are normally found in MZ, ie reticular 
fibrocytes, condensed sinus lining cells, thrombocytes, granu- 
locytes, and T and B lymphocytes, are found in other spleen 
areas as well? where no visible ['I]BH-SP labeling 
occurred. Previously, the presence in the MZ of a subpopula- 
tion of nonrecirculating B cells has been proposed" that 
theoretically might expose SP receptors, but in recent studies 
no special relationship between antibody forming cells and 
MZ macrophages was found.” 

In conclusion, the present results and those of an earlier 
study on receptors for vasoactive intestinal peptide" show 
that neuropeptides possess recognition molecules in spleen 
which are distinctively distributed. These findings may pro- 
vide a biochemical basis for the increasingly realized selec- 
tive modulation of immune functions by neuropeptides. "^7 
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Hyposialylation of Differentiation-Inducer-Resistant HL-60 Cells 


By Robert E. Gallagher, Dennis A. Giangiulio, Chin-Sen Chang, Constance J. Glover, and Ronald L. Felsted 


The total sialic acid concent of retinoic acid (RA)-resistant 
or 6-thioguanine (6TG)-resistant HL-60 cells was more 
than tenfold lower and of dimethylsulfoxide (DMSO)- 
resistant HL-60 cells was approximately twofold lower 
than that of parental, wild-type (wt) HL-60 cells. Neuramin- 
idase-inaccessible, ie residual cell-associated sialic acid 
after neuraminidase treatment, was four- to twelvefold 
lower in the three differentiation-inducer-resistant sub- 
lines than ín the parent line. Neuraminidase treatment of 
"5I-labeled surface membrane glycoproteins (SMGs) from 
wt HL-60 cells converted the two-dimensional gel electro- 
phoretic pattern to one having features in common with 


ARIATIONS IN surface membrane glycoprotein 
(SMG) sialylation have been associated with a variety 
of important altered cellular states.! Although results have 
been variable in different biologic systems, increased sialyla- 
tion of surface membrane oligosaccharides of malignant cells 
relative to normal cell controls, including chronic 
myelogenous leukemia cells v normal granulocytes, has most 
frequently been reported.^^ These alterations have been 
related to changes in cell-cell interaction, adherence, and 
metastatic potential. Changes in sialylation have also been 
noted to occur as a function of cellular differentiation, 
including response to differentiation induction by retinoic 
acid (RA) and dimethylsulfoxide (DMSO).*? Although such 
studies have not, to our knowledge, been reported using 
HL-60 cells, variations in sialytransferase activity*" and in 
sialidase (neuraminidase) activity! have been reported as a 
function of HL-60 cell granulocytic differentiation. Finally, 
with respect to drug resistance, increased sialylation was 
described in one study of Actinomycin D-resistant hamster 
cells? while a preliminary report indicated that surface 
hyposialylation occurs in Adriamycin-resistant HL-60 
cells." 

The present study was based on the use of three sublines of 
HL-60 cells which were selected for their ability to continue 
logarithmic growth in the presence of either RA, 6-thiogua- 
nine (6TG) or DMSO.''"" These sublines are variably resis- 
tant/cross-resistant to the granulocytic differentiation— 
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RA- and 6TG-resistant cells. However, neuraminidase 
treatment did not alter the sensitivity of wt HL-60 cells to 
differentiation induction by RA, hypoxanthine (purine 
base], or DMSO. These results indicate that differences in 
peripheral, neuraminidase-accessible sialic acids are 
important determinants of the gel electrophoretic mobility 
of the SMGs of the HL-60 line and sublines but are not likely 
related to the differentiation-resistance mechanism. Fur- 
ther studies are required to determine if hyposialylation of 
cryptic, neuraminidase-inaccessible sites has functional 
significance. 

© 1986 by Grune & Stratton, Inc. 


inducing effects of these three selective agents but are not 
cross-resistant to inducers of monocyte/macrophage differ- 
entiation." The RA-resistant and 6TG-resistant sublines 
were discovered to have SMG gel electrophoretic patterns 
which markedly differed from those of wild-type (wt) and 
DMSO-resistant HL-60 cells but which were virtually iden- 
tical to one another." The present study was formulated to 
determine if the changes noted in the variant SMG gel 
electrophoretic profile could be related to sialylation differ- 
ences, since they involved possible shifts to more basic 
positions of wt SMG species, and, if so, to determine if 
experimentally altering sialylation by neuraminidase treat- 
ment has an effect on the sensitivity to granulocytic differen- 
tiation inducers. 


MATERIALS AND METHODS 


Cell culture lines and methods. The RA-resistant, 6TG- 
resistant and DMSO-resistant HL-60 sublines were derived and 
maintained as previously described." Differentiation induction 
assays with 10~° mol/L RA for five days, and 169 mmol/L DMSO 
or 6 mmol/L hypoxanthine for seven days, including the monitoring 
of granulocytic differentiation by cytologic examination of Wright 
stained smears and by the nitroblue tetrazolium (NBT) dye reduc- 
tion test, were as previously described.''!* Short-term neuraminidase 
treatment (with Vibrio cholerae, Berhringwerke Marburg, FRG) of 
wt HL-60 cells prior to differentiation induction experiments (pre- 
treatment) was performed using phosphate buffered saline (PBS)- 
washed cells, as described below. Continuous neuraminidase treat- 
ment involved adding 0.05 1U/mL neuraminidase to the complete 
tissue culture medium immediately after reestablishment in culture 
following neuraminidase pretreatment and replenishing with 
medium containing fresh neuraminidase on days 3 and 7. All 
biochemical procedures were performed on cells harvested from the 
mid- to late-log phase of growth, when cell viability exceeded 90% by 
trypan blue dye exclusion. 

Determination of total and neuraminidase-releasable sialic 
acid. Cell suspensions of approximately 10° wt or variant HL-60 
cells were washed three times in 5 mL PBS with 1 mg Ca** per liter 
(PBS-Ca**, GIBCO, Grand Island, NY). For determination of total 
sialic acid, the washed cells were suspended in 0.5 mL of 0.1N 
HSO; at 80 °C for one hour to hydrolyse glycosidically-linked sialic 
acids and release sialic acid from intracellular sites, followed by the 
removal of cell debris by centrifugation at 1,000 x g for five minutes. 
For determination of neuraminidase-releasable sialic acid, cells were 
suspended in 0.5 mL of PBS-Ca**, pH 7.4, containing 0.05 IU 
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Vibrio cholerae neuraminidase (0.1 IU/mL) and incubated at 37 °C 
for 15 minutes, followed by clarification by centrifugation at 200 x g 
for seven minutes. Kinetic experiments demonstrated that under 
these conditions neuraminidase was present in considerable excess, 
since with the use of 0.02 IU/mL the release of sialic acid was 
complete in 15 minutes. The sialic acid content of the hydrolysates 
was directly determined by the thiobarbituric acid colorimetric 
assay," as modified by Roboz et al to eliminate 2-deoxyribose 
interference, using sialic acid from sheep submaxillary glands 
(Sigma, St Louis) as à standard. Digests of 2 x 10° cells were 
assayed for protein content according to the method of Bradford," 
using bovine serum albumin as a protein standard. Each sialic acid 
measurement represents the average of three independent tests. The 


Fig 1. Autoradiographs of surface proteins after 
1-125 labeling and two-dimensional polyacrylamide gel 
electrophoresis. The first (horizontal) dimension was 
isoelectric focusing with an acidic pH of 4.5 on the 
extreme left and an alkaline pH of 8.0 on the extreme 
right. The second (vertical) dimension was SDS- 
polyacrylamide gel electrophoresis from top to bottom 
in which the indicated molecular weight markers corre- 
spond to 200, 116, 93, 69, and 45 kD. The nomenclature 
was derived from graphic displays of SMG spots from 
multiple radioautographic exposures as described in ref 
13. Cell sources: (A), wt HL-60; (B), RA-resistant HL-60; 
(C), neuraminidase-treated wt HL-60. 
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neuraminidase-releasable sialic acid was calculated as the difference 
between that measured in the presence and absence of the enzyme. 
The statistical significance of the variations of the sialic acid 
determinations in the variant v wt HL-60 cells was calculated by 
Students z test. 

SMG gel electrophoretic procedures. Two x 10* viable cells 
were surface-labeled with 1-125 by the lodo-Gen (Pierce Chemical. 
Rockford, IL) method using 0.5 mCi sodium- "^1 (New England 
Nuclear, Boston) as previously detailed. * The labeled and washed 
cells were treated with diisopropylfluorophosphate and extracted 
with ice-cold 2% Triton X-100 (Sigma) in PBS with Ca” containing 
2 mmol/L phenylmethylsulfonylfluoride (Sigma)." Neuraminidase 
treatment was performed on the labeled, washed cells (Fig 1) or on 
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the Triton X-100 protein extracts at 0.1 IU/mL under conditions 
described in the previous section, which produced a similar, complete 
reaction from five to >30 minutes of treatment. The I-125—labeled 
extracts were subjected to isoelectric focusing followed by polyacryl- 
amide gel electrophoresis as described previously,” calibrating the 
second dimension with mixed high molecular weight standard pro- 
teins (myosin, 200,000; 8-galactosidase, 116,000; phosphorylase B, 
92,000; bovine serum albumin, 69,000; and ovalbumin, 45,000) 
(Bio-Rad, Richmond, CA). 


RESULTS 


Quantitation of total and neuraminidase-releasable sialic 
acid. Both the RA- and 6TG-resistant sublines had less 
than 10% of the total amount of sialic acid present in wt 
HL-60 cells (Table 1). The amount of sialic acid in the 
DMSO-resistant cells was also significantly lower at approx- 
imately 45% of the wt cellular level. Qualitatively similar 
results were obtained by the periodate-resorcinol method," 
but we were unable to obtain quantitatively highly reproduc- 
ible results due to the presence of variable amounts of 
interfering substances. After neuraminidase treatment, 
approximately 50% of the sialic acid residues were releasable 
from the wt HL-60 cells (Table 1). Relatively more sialic 
acid (73%) was releasable by neuraminidase-treatment of 
the DMSO-resistant cells. Thus, a four- to twelvefold higher 
residual amount of neuraminidase-inaccessible sialic acid 
was present in wt HL-60 cells than in all three variant 
sublines (Table 1, column 3). 

Effect of neuraminidase treatment on SMGs. After 
'**1-labeling, extraction, and two-dimensional gel electropho- 
resis, the surface-labeled proteins of HL-60 cells appeared as 
groups of multiple-charged polypeptides and/or as fused 
horizontal smears of proteins, as typical of SMGs.? From 
studies of radioautographs after different exposure times, up 
to 12 distinguishable SMGs could be identified in wt HL-60 
cells, while only nine SMGs were distinguishable in RA- 
resistant cells (ref 13 and Figs 1A and B). The SMG gel 
electrophoretic pattern of the DMSO-resistant cells closely 
resembled that of wt cells, while the SMG pattern of the 
6TG-resistant cells was very similar to that of the RA- 
resistant cells. Furthermore, four SMGs present in the RA- 
or 6TG-resistant cells were not observed in the wt or DMSO- 
resistant cells (proteins A through D, Fig 1 B). Most notably, 
the wt or DMSO-resistant cells manifested three closely 
associated, prominent acidic SMGs in the 120- to 160-kD 


Table 1. Total and Neuraminidase-Releasable Sialic Acid Content 
of Wild-type and Differentiation-Inducer-Resistant HL-60 Cells 





Sialic Acid (umol/g protein) 





Neuramindase- Neuraminidase 





Total releasable inaccessible 
Line/Sub-line (A) iB) (A-B) 
Wild-type 19.31 + 1.21* 9.80 + 0.50* 9.51 
RA-resistant 1.38 +0.20¢ 0.32 « O. 114 1.03 
GTG-resistant 1.89 «0.261. 1.12 + 0.244 0.77 
DMSO-resistant 8.77 + 0.62} 6.44 + 0.321 2.33 





*Values represent the mean of triplicate determinations + standard 
deviation. 
Values significantly differ from wild-type determination, p < 0.01. 
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range (proteins 4, 5, and 6, Fig 1A), while the RA-/6TG- 
resistant cells showed a single predominant acidic SMG of 
=200 kD (protein A, Fig 1B). Treatment of '"ILlabeled 
wild-type cells with Vibrio cholerae neuraminidase, con- 
verted the SMG gel electrophoretic pattern to one with 
features resembling that of the RA- or 6TG-resistant cells 
(Fig 1C). This included the following notable changes: (1) 
the loss or shift of the three acidic 120- to 160-kD proteins 
(proteins 4, 5, and 6); (2) the appearance of a prominent 
higher apparent molecular weight acidic SMG (170- to 
120-kD), which resembles protein A but was of significantly 
less apparent molecular mass; (3) the appearance of a 
prominent 130- to 150-kD SMG with intermediate isoelec- 
tric mobility (protein D); (4) a marked increase in intensity 
of a 115- to 125-kD, pl 6.0-7.0 SMG (protein 7); and (5)a 
basic shift of the prominent 85- to 95-kD, pl 6-7 SMG, 
previously identified as the transferrin receptor in both wt 
and RA-resistant HL-60 cells (protein 8, Ref 13). Similar 
results were obtained whether neuraminidase treatment was 
performed before or after detergent extraction of the 
SMGs. 

Tests of neuraminidase treatment for effects on growth 
and differentiation of wt HL-60 cells. The above results 
raised the possibilities that the hyposialylation and/or 
altered SMGs of the RA-resistant and 6TG-resistant cells 
could be mechanistically related to their differentiation 
resistance and that neuraminidase treatment of the wt 
HL-60 cells might reduce their sensitivity to differentiation 
stimulators. We demonstrated by direct sialic acid assay or 
by the binding of the lectin peanut agglutinin, which binds 
only to hyposialylated HL.-60 cells?" (and Gallagher et al, 
manuscript in preparation), that wt HL-60 cells continuously 
treated with neuraminidase (see MATERIALS and METH- 
ODS) were persistently hyposialylated, the lowest recorded 
level being 6.1 umol/g protein (compare with neuramini- 
dase-inaccessible values in Table 1). Such treatment did not 
affect cell growth rate or the overall level of spontaneous 
differentiation (data not shown). In several dose-response 
experiments comparing untreated and acutely or continu- 
ously neuraminidase-treated cells, no loss of granulocytic 
differentiation responsiveness to RA (representatively shown 
in Fig 2), hypoxanthine, or DMSO was detected, as deter- 
mined by cytologic evaluation of Wright stains or by the 
NBT test. The cytologic appearance of the induced HL-60 
neutrophilic granulocytes was not discernibly different in the 
untreated and neuraminidase-treated cells. 


DISCUSSION 


The principle finding of this study is that differentiation- 
inducer resistant HL-60 cells are hyposialylated compared to 
wt HL-60 cells. This finding is relevant to issues which we 
previously raised about these cultured cells.” First, it can at 
least partly account for the differences in SMG gel electro- 
phoretic profiles between the RA-resistant and 6TG-resis- 
tant HL-60 cells compared to wt cells, since neuraminidase 
treatment of wt cells produced a SMG gel profile with 
features of the variant SMG pattern (Fig 1). In this context, 
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Fig 2. 


Lack of effect of neuraminidase treatment on the growth a 


nd granulocytic differentiation of wt HL-60 cells in the absence and 


presence of various concentrations of RA. Cells were grown for 4 weeks in the continuous presence of neuraminidase added freshly two 
times per week to a final concentration of 0.05 IU / mL and at the initiation of the five-day induction period with retinoic acid. (A) Percent of 
control cell count, ie percent of growth of RA-treated cells to growth of control cells in the absence of RA treatment; (B) percentage of 
celis positive by the NBT test; (C) percentage of cells at or beyond the myelocytic stage of differentiation. @, without neuraminidase 
treatment; X, with neuraminidase treatment. Panel C: O, percentage mature neutrophils without neuraminidase treatment; x, percentage 


of mature neutrophils with neuraminidase treatment. 


it is possible to attempt to interpret some of the specific 
alterations. For example, it seems virtually certain that the 
basic shift of protein 8 in neuraminidase-treated HL-60 cells 
(Fig 1) is due to the reduction of negatively-charged sialic 
acid residues on the N-linked oligosaccharides of this glyco- 
protein,” previously demonstrated to be the transferrin 
receptor in both wt and RA-resistant HL-60 cells. *'* Simi- 
larly, protein D (Fig 1) is most likely derived from a basic 
shift due to hyposialylation of one of the three 120- to 
160-kD glycoproteins observed in wt HL-60 cells (protein 4, 
5. or 6, Fig 1). On the other hand, the derivation of the 
prominent acidic SMG protein A (Fig 1) is more difficult to 
decipher. A not unlikely possibility, however, is that it is also 
derived from Protein 4, 5, or 6 due to diminished electropho- 
retic migration of the hyposialylated glycoprotein. Such 
paradoxically decreased mobility in SDS-polyacrylamide 
gels of a glycoprotein with reduced molecular mass has been 
noted to occur after desialylation of densely sialylated O- 
linked oligosaccharides, eg glycophorin.” Proof of the deri- 
vation of the variant glycoproteins as well as an understand- 
ing of the cause of the hyposialylation will require detailed 
biochemical analysis. 

Second, we previously noted the similarity in the overall 
SMG gel electrophoretic pattern difference between the RA- 
or 6TG-resistant cells v wt HL-60 cells and those described 
in pleiotropic, multidrug-resistant cells of various types from 
different mammalian species." In particular, SMG changes 
in multidrug-resistant cells have been associated with the 
reciprocal loss/gain of lower/higher molecular weight 


SMGs as a function of drug resistance, ^" and, in some 


instances, this has been associated with a marked augmenta- 
tion of a specific higher molecular weight SMG called the P 
glycoprotein.” The present studies provide circumstantial 
evidence that the prominent acidic, high-molecular-weight 
SMG observed in the RA- or 6TG-resistant HL-60 cells is 
not due to increase of a P glycoprotein-like SMG but rather 
is due to a shift in a preexistent wt glycoprotein due to 
hyposialylation effects. Further, using a specific antibody to 
the P-glycoprotein,” no evidence of increased expression of 
P-glycoprotein was found in sucrose density gradient- 
purified membranes from the differentiation-inducer-resis- 
tant HL-60 cells (unpublished data, September 1985, with J. 
Gerlach and V. Ling, Toronto). 

Finally, the present results suggest that neither the strik- 
ing SMG differences as detected by two-dimensional gel 
electrophoresis nor the differences in terminal, neuramini- 
dase-accessible oligosaccharide sialylation are mechanisti- 
cally related to the resistance /cross-resistance to the granu- 
locytic differentiation inducers in our variant HL-60 cells. 
These results do not exclude the possibilities that the hypo- 
sialylation defect which arose under the tissue culture selec- 
tion conditions leading to differentiation-inducer-resistance 
could be a closely associated marker for the resistance 
phenotype or that the four- to twelvefold deficiency of 
neuraminidase-inaccessible sialic acid in the differentiation- 
inducer-resistant HL-60 cells v wt HL-60 cells (Table 1) 
could be functionally related to the resistance/cross-resis- 
tance phenomenon. 
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In Vitro Tumor Cell Cytolysis Mediated by Peptide Defensins of 
Human and Rabbit Granulocytes 


By Alan Lichtenstein, Tomas Ganz, Michael E. Selsted, and Robert |. Lehrer 


We examined the activity of defensins, cysteine-rich 
cationic peptides that are abundant in the cytoplasmic 
granules of human and rabbit granulocytes, against various 
tumor targets. The three human defensins, HNP-1, HNP-2, 
and HNP-3, lysed human and murine targets in chromium 
release and dye exclusion assays. Defensin-mediated 
tumor cell lysis was concentration-dependent, inhibited by 
serum, and dependent on temperature-sensitive events. 
Lysis was first detected by three hours of incubation and it 
reached a plateau between eight and 14 hours. In vitro 
exposure of murine teratocarcinoma cells to HNP 1-3 
abrogated their oncogenicity in vivo. Nonmalignant target 


WO DISTINCT TYPES of neutrophil-mediated tumor 
lysis have been described. One of these is linked to the 
generation of reactive oxygen intermediates (ROIs)'? and is 
analogous to the O;-dependent microbicidal mechanisms of 
the polymorphonuclear cell (PMN). However, PMNs from 
subjects with chronic granulomatous disease, despite their 
inability to generate ROIs, show substantially intact lytic 
activity against various targets** under some conditions. The 
mechanisms of ROl-independent cytotoxicity are less well 
understood, but at least one component of the PMN's 
azurophil granule, a chymotrypsinlike cationic protein,’ has 
been shown to exert cytotoxicity against a murine lymphoma 
cell target. 

Human and rabbit PMNs contain substantial amounts of 
defensins, small (molecular weight ~3,500) cysteine- and 
arginine-rich cationic peptides"? which exert potent antimi- 
crobial'*!! and antiviral!" activity. The human defensins 
are released from PMNs exposed to secretagogues such as 
phorbol myristate acetate and opsonized zymosan.'? Two 
rabbit defensins, NP-1 and NP-2, initially isolated from lung 
macrophages, were recently shown to exert selective cytotox- 
icity against murine lymphoma cells.^ We now report on 
cytotoxicity of eight defensins, five obtained from rabbit 
PMNs and three from human cells. 


MATERIALS AND METHODS 


Purification of defensins. Rabbit defensins NP-1, NP-2. NP- 
3a, NP-3b and NP-5, were purified by a modification of our 
previously described protocol? Briefly, 1 to 2 x 10^ peritoneal 
PMNs were disrupted by homogenization, extracted five times with 
10% acetic acid at 8 °C and centrifuged for 20 minutes at 27,000 x 
g. Supernatants were pooled, lyophilized, resuspended in 30 mL of 
10% acetic acid and subjected to gel filtration on a 4 x 150 cm 
Bio-Gel P-10 column equilibrated in 5% acetic acid. Defensin- 
containing fractions were pooled, lyophilized, and then separated by 
cation-exchange high-performance liquid chromatography (HPLC) 
on a 21.5-x-150-mm Bio-Sil TSK-CM-3-SW column. The sample 
was dissolved and applied to the column, in buffer A (0.05 mol/L 
sodium phosphate, pH 6.7, 10% acetonitrile) and eluted by applica- 
tion of a linear gradient of buffer B (0.05 mol/L sodium phosphate, 
pH 6.7, 3.5 mol/L sodium chloride, 10% acetonitrile). A 0% to 50% 
gradient was developed over 80 minutes at a flow rate of 6 mL/min. 
Near-baseline separation of the individual peptides was obtained in 
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celis were also susceptible to defensin-mediated lysis. Four 
rabbit granulocyte defensins exerted marked (NP-1, NP-2) 
or moderate (NP-3a, NP-3b) cytotoxic activity, whereas 
defensin NP-5 was not cytotoxic. When tumor cells were 
incubated with human defensins in combination with 
hydrogen peroxide, synergistic cytotoxicity was detected. 
As defensins are released from granulocytes by various 
stimuli, their release could contribute to extracellular cyto- 
toxicity which is independent of reactive oxygen interme- 
diates. 
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this step. Final purification was achieved by reverse-phase HPLC as 
described previously. The human defensins HNP-1, HNP-2, and 
HNP-3 were obtained from normal PMNs and purified to homo- 
geneity as previously described," by applying sequential ion- 
exchange and reverse-phase HPLC followed by gel exclusion chro- 
matography on a long Bio-Gel P-10 column. Lyophilized defensins 
were dissolved in 0.01% acetic acid at 1 mg/mL and stored at 
— 20 *C until used. 

Tumor lines. Suspension cultures of human (Raji, MOLT-4, 
K562, IM-9, U-937, and WIL-2) and murine (P815, YAC-1) lines 
were maintained in RPMI medium with 10% fetal calf serum (FCS, 
Reheis, Phoenix, AZ). The MOT teratocarcinoma was maintained 
in ascites form in C3H mice. The YAC-R, U9TR, and USNR" 
lines were gifts from Dr S. Wright. YAC-R and U9NR, cloned from 
parental YAC-1 and U937 lines, had been rendered specifically 
resistant to lysis by natural killer cytolytic factor (NKCF). U9TR 
had been rendered specifically resistant to lysis by tumor necrosis 
factor (TNF). 

Chromium release assay (CRA). Targets (10°) were incubated 
with 50 wCi °'Cr for one hour at 37 °C in RPMI-10% FCS. Labeled 
targets (10* in 0.1 mL of RPMI-1640) and the specified defensins 
(in 0.1 mL of RPMI) were incubated in microtitre plates at 37 °C in 
5% CO,. Subsequently, the plates were centrifuged (1,200 rpm x 10 
min) and 0.1 mL of supernatant was counted in a gamma counter. 
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Percent lysis was calculated as: (cpma, — CPMeoatroi)/(CPMynaximat — 
CPM) x 100. Control release was determined from targets 
incubated in media alone (<35% incorporated counts), and maximal 
release was achieved by adding | mol/L HCI (>80% incorporated 
counts). Release from targets incubated in RPMI containing dilute 
acetic acid (the vehicle used in defensin stock solutions) did not 
differ from controls incubated in RPMI alone. The standard devia- 
tion (SD) of triplicate samples was always <5% of the mean. 

Dye exclusion assay. Targets (10*) in 0.1 mL RPMI were 
incubated with 0.1 mL of defensins or in medium alone (control 
wells). Samples were run in quadruplicate in microtitre plates. The 
plates were incubated in 5% CO, at 37 °C and surviving targets were 
counted by trypan blue exclusion. Percent cytotoxicity was calcu- 
lated as: (mean no. of viable targets in control wells) — (mean no. of 
viable targets in test wells)/(mean no. targets in control wells) x 
100. 

Oncogenicity assay. MOT cells (2 x 105) were incubated in 5 
mL of RPMI with 0.01% acetic acid (control) or in RPMI with 100 
ng/mL of HNPs 1-3. After eight hours in 5% CO, at 37 °C, MOT 
cells were washed, resuspended, and aliquots were injected IP into 
C3H mice (female, 8 wks old, eight mice/group). Each mouse 
received 0.5 mL of 10? or 10* cells on day 0. 

Use of nonmalignant cells as targets. Murine thymocytes and 
spleen cells were obtained from adult C3H mice as previously 
described." Peripheral blood PMNs and lymphocytes were har- 
vested from gradients as previously described.'* Viability of targets 
was 90 6. 


RESULTS 


Tumor lines incubated with a mixture of the three human 
defensins (HNP 1, 2, and 3 in a ratio of 2:2:1 by weight) for 
six hours at 37 °C demonstrated significant isotope release 
(Table 1). Tumor lysis was concentration-dependent and 
optimal lysis was achieved with 25 to 100 ug/mL. Table 1 
also demonstrates the lytic potency of HNPs in dye-exclusion 
assays, wherein cytotoxicity (in parentheses) was also con- 
centration-dependent for WIL-2 and K562 targets. The 
CRAs in Table | were performed in the absence of serum. 
The presence of 1% FCS decreased HNP-mediated lysis by 
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30% and the presence of 5% FCS decreased it by 75%. Lysis 
was also strictly dependent upon temperature-sensitive 
events (optimal lysis at 37 °C; no lysis at 25 °C), 

Although their lysis was always significant, murine lines 
were consistently less sensitive than human lines as targets 
(Table 1). The order of sensitivity of human lines shown in 
Table 1 (WIL-2 > IM-9 > RAJI -K562 - MOLT-4) was 
consistently present in each of five experiments. Variant 
tumor lines, specifically resistant to NKCF (YAC-R, 
U9NR) or TNF (U9TR) were equally as sensitive as their 
respective parent lines to HNP-mediated lysis. Exposure of 
MOT cells to HNPs also destroyed their in vivo oncogenicity. 
Mice inoculated with tumor cells (10° or 10*/group; eight 
mice/group) incubated in control media all died within 35 
days after a period of progressive ascites. In contrast, MOT 
cells exposed to 100 ug/mL of HNPs 1-3 caused tumor 
outgrowth in three of eight mice injected with 10* MOT cells, 
and in none of eight injected with 10? cells. 

Significant chromium release was not detected until three 
hours of incubation and rose to very high levels by eight 
hours (Fig 1). Whereas a plateau was reached in eight hours 
for some targets, lysis of others continued to increase linearly 
until 14 hours of incubation. Spontaneous release exceeding 
35% precluded assaying groups past 14 hours of incubation. 

Both dye exclusion and CRA confirmed HNP-mediated 
lysis of nonmalignant targets. Murine thymocytes and spleen 
cells as well as human lymphocytes and PMNs were sensitive 
to lysis and this was comparable to corresponding tumor cells 
(data not shown). 

To examine the correlation between lysis and net charge of 
the defensins, each of the human peptides were tested 
separately and compared to similarly purified rabbit PMN 
peptides (Table 2). Within each species, the degree of lysis 
roughly correlated with the overall antimicrobial effects of 
the individual peptides," but there was little correlation 
with cationic charge. Note that although rabbit NP-5 was 
more cationic than any of the human defensins, it was 


Table 1. Lysis of Various Tumor Lines by Defensins* 





Concentration of Defensins (mcg/mL) 








Target 100 25 10 1 0.1 
Human 
Wil-2 94 + 4(98 + 4) 91 + 6 (93 + 3) 43 + 4(72 + 5) 25 + 2 (45 + 4) 3.5 + 0.2 
IM-9 88 + 4.1 — — — — 
Raji 80 +4 71+ 4.2 29 + 2.7 15 #224 0.7 + 0.1 
K562 54 + 3(91 + 5) 48 + 2(74 + 6) 15 + 1.4 (49 + 4) 8.7 + 0.6 (35 + 3) 0.4 + 0.2 
MOLT-4 48 + 2.4 — — — ca 
U937 46 «2.7 39 + 3.2 28 + 3.1 14+ 1.5 — 
USNRt 44 + 3.1 35 + 2.7 25 + 2.2 13 + 1.2 — 
USTRt 49 x4 3723 29 «3 15 x 1.6 — 
Mouse 
YAC-1 35-42 2724 15 + 1.5 6+1 — 
YAC-Rt 38 + 2.5 2922.1 1842.4 50.8 — 
MOT 30 + 2.6 — rd — — 
P815 AT +41.7 — — — — 





*Tumor cells incubated with varying concentrations for six hours; specific lysis determined by CRA; figures in parentheses denote cytotoxicity, 
determined in dye exclusion assay, for Wil-2 and K562: mean + SD of five separate experiments. 


Tumor line resistant to NKCF. 
{Tumor line resistant to TNF. 
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Fig 1. Kinetics of lysis by defensins. Tumor lines incubated 
with defensins for one, three, eight, or 14 hours and chromium- 
release-assayed. O—O, WIL-2; A——A, IM-9; & —9., RAJI; I —W. 
K562; 0—0 MOLT-4. 





ineffective as a lytic agent. Also, NP-2 is more lytic than 
NP-3a and NP-3b and carries the same charge. 

Although a cationic charge is not sufficient to induce lysis, 
CRAs performed in the presence of the polyanion substance 
heparin suggest that net charge plays a role in the detected 
cytolysis. Defensin-mediated lysis decreased by 63% and 
92% in the presence of | U/mL and 10 U/mL heparin, 
respectively. 

Since defensins might be secreted by PMNs in tandem 
with H,O,, we next examined possible interactions between 
these two potential cytolysins. When K562 targets are incu- 
bated with reagent grade H,O, in combination with 20 or 40 
ug/ mL of HNPs 1-3, tumor lysis is significantly greater than 
the sum of that achieved by either agent alone (Fig 2). This 
was most evident between H,O, concentrations of 10-5 and 
107? mol/L. Sodium azide (1 mmol/L) did not prevent 
synergistic killing, ruling out the possibility that the HNP 
preparation was contaminated with trace amounts of myelo- 
peroxidase that could have reacted with H;O; and aug- 
mented cytolysis. 


DISCUSSION 
Several studies have demonstrated that PMNs can lyse 
target cells by mechanisms not involving ROI production. 


Table 2. Comparison of Lysis by Individual Rabbit 
and Human Defensins 





% Specific lysis* 








Peptide Net Charge 100 mcg/mL 25 mcg/mL 
Human HNP- 1 +3 55.0 + 2.3 27.0 + 2.8 
HNP-2 +3 43.5 + 2.3 26.2 + 2.4 
HNP-3 +2 22.5 + 2.7 22.3 + 2.6 
Rabbit NP-1 49 84.3 + 32 70.1 + 2.6 
NP-2 +8 82.7 + 2.5 68.3 + 3.9 
NP-3a +8 26.7 + 0.7 9521.0 
NP-3b +8 36.5 + 3.5 16.1213 
NP-5 +4 5.1 + 1.1 0.9 + 1.1 





Individually purified human or rabbit defensins, 25 or 100 meg/mL, 
were incubated with "'Cr-labelled K562 targets for eight hours. 

*Specific lysis is shown as the mean + S.D. of three separate 
experiments. Net cationic charge at pH 7.4 was calculated from the 
published amino acid sequences of the defensins (8, 9), as follows: Net 
charge = [larginine + lysine residues) — (glutamic acid + aspartic acid 
residues}]. 
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Fig2. Synergistic lysis of tumor cells. Chromium-labeled K562 
targets incubated for four hours with H;O; (1077 to 10°? mol/L), 
defensins (20 or 40 ug/ mL) or both agents. Percent lysis deter- 
mined after incubation and presented as mean + SD of quadrupli- 
cate samples. 


The present study demonstrates that defensins, recently 
characterized antimicrobial peptides of human and rabbit 
PMNs, can damage various normal and tumor cell targets in 
vitro. Defensin-mediated lysis was confirmed in three inde- 
pendent assays: isotope release, dye exclusion and in vivo 
oncogenicity. The presence of cytotoxic components such as 
defensins in the cytoplasmic granules of the PMN echoes the 
presence of other cytotoxic constituents in natural killer 
(NK) lymphocytes”? and certain macrophages.” It is possi- 
ble, but yet unproven, that secretion of cytotoxic principles 
such as HNPs from PMNs underlies their ability to lyse 
adjacent targets. In addition, the data of Fig 2 suggest that 
small amounts of defensins may act synergistically with 
H,O, to achieve heightened tumor lysis. 

The mechanism of lysis is not yet known. The temporal 
delay in its onset (Fig 1) and its prominent temperature 
dependence suggest that more than a simple detergent effect 
is operative. The small size of the defensins excludes their 
functioning as enzymes such as the cytolytic serine protease 
reported from cytotoxic macrophages." The undiminished 
sensitivity of tumor cells resistant to NKCF or TNF suggests 
that the mechanism differs qualitatively from that induced 
by those two cytotoxins. 

Other cationic proteins are often cytotoxic.” In addition, 
the presence of the polyanion heparin prevented HNP- 
mediated lysis, suggesting that charge of these molecules 
plays a role in target cytotoxicity. However, Table 2 indicates 
that the lytic effect of HNPs is not solely due to their 
cationicity as there was a poor correlation between charge 
and cytotoxicity of the individual defensins. 

In contrast to the effects of rabbit macrophage defensins," 
the human defensins did not show selective cytotoxicity for 
malignant targets. The use of less potent cytotoxic material 
in a longer assay“ may have allowed the detection of 
selective cytotoxicity. In addition, the prerequisite for anti- 
body-directed effector: target binding in PMN-mediated 
antibody-dependent cellular cytotoxicity (ADCC), as well as 
the tendency of inflammatory PMNs to bind to neoplastic 
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targets more effectively than to nonmalignant targets, even 
in the absence of antibody,” could impart target specificity 
to an otherwise nonspecific molecular effector, 

Serum markedly inhibited the ability of HNPs to effect 
cytotoxicity. We attribute this to avid binding of HNPs by 
albumin and other macromolecular serum components (M. 
Selsted, unpublished data, April 1986). This suggests that 
HNP-mediated lysis might only occur if tight binding of 
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targets to PMNs creates a contact zone that excludes macro- 
molecular serum components. This possibility is currently 
under investigation. 
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Human Myeloperoxidase Gene: Molecular Cloning and Expression 
in Leukemic Cells 


By Kun Sang Chang, Jose M. Trujillo, Richard G. Cook, and Sanford A. Stass 


We have molecularly cloned the human myeloperoxidase 
(MPO) gene from the Agt11 expression library by screening 
with an affinity-purified MPO antibody. The cDNA clone of 
the MPO gene was used to study MPO gene expression in 
leukemic cells. The amino acid sequence predicted from 
the nucleotide sequence of the cDNA clone pMP401 
matched exactly the 23 amino acid sequence of the NH;- 
terminal of the 60,000 MPO subunit. We found that MPO 
cDNA hybridized to a single EcoRI genomic band of 19 kb, 
indicating that the MPO gene represents a single gene in 
the human genome. Northern blot analysis of RNA isolated 


UMAN MYELOPEROXIDASE (MPO) is a hemo- 
protein and glycoprotein found in primary granules of 
the myeloid series and is considered to be the definitive 
marker of myeloid lineage. Acute leukemias that express 
greater than 3% MPO in the blasts are usually classified as 
acute myelogenous leukemia (AML) regardless of other 
phenotypic markers. The MPO enzyme has potent bacterio- 
cidal activity in the presence of H,O, and a halide ion. This 
enzyme has been purified and characterized in several dif- 
ferent laboratories, and appears to have a molecular 
weight in the range of 150,000. It is generally accepted that 
MPO consists of two large subunits with a molecular weight 
of 60 kd and two smaller molecular weight subunits of 15 kd. 
Pulse label experiments indicated that both large and small 
subunits of the MPO protein are derived from the same 
precursor polypeptides of 81 kd and 89 kd through a mecha- 
nism of posttranslational modification.’ These observations 
indicate that both subunits are encoded by the same MPO 
gene. Posttranslational modifications may also account for 
the finding that three different but very similar MPO protein 
forms can be isolated and purified to homogeneity." The 
MPO size heterogeneity could be due to the slightly different 
amino acid compositions of these three proteins or a differ- 
ence in sugar moieties. 

We have molecularly cloned the human MPO cDNA 
gene. Our studies provide new evidence that a single MPO 
gene may be responsible for the transcription of multiple 
forms of MPO messenger RNA, indicating that posttran- 
scriptional modification may be involved in the processing of 
the MPO mRNA or that multiple transcriptional start or 
termination sites exist in the MPO gene. 


MATERIALS AND METHODS 


Total RNA was isolated from myeloperoxidase-positive leukemic 
blasts and promyelocytes obtained from a patient with AML using 
guanidine isothiocyanate.’ Poly A+ RNA was selected from total 
RNA‘ and double-stranded cDNA was synthesized as described.’ A 
cDNA expression library was constructed in a Agt11 vector (Vector 
Cloning System, San Diego, CA). 

MPO antiserum was raised in a rabbit using purified human 
leukocyte MPO (RZ value not less than 0.84) (Green Cross, Osaka, 
Japan). The IgG fraction of the crude MPO antiserum was selected 
by passing through a DEAE-Affi-Gel Blue column (Bio-Rad, Rich- 
mond, CA). MPO-specific antibody was affinity-purified by incu- 
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from leukemic cell lines and acute myelogenous leukemia 
(AML) patients' samples shows that MPO gene expression 
correlated with myeloid lineage. The intensity of MPO 
mRNA expression on Northern blot correlated with the 
level of MPO expression by cytochemical staining. Multiple 
species of MPO mRNA were found. This indicates that a 
single MPO gene may encode different RNA species 
through a mechanism of posttranscriptional processing or 
that multiple transcriptional start/termination sites exist 
in the MPO gene. 
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bating the IgG fraction with MPO protein-bound nitrocellulose 
strips (10 ug MPO/cm’). The filter strips were thoroughly washed 
and MPO-specific antibody was eluted with low pH buffer and 
neutralized as described.” This affinity-purified MPO antibody was 
further treated with E coli lysate (Bio-Rad) to eliminate any 
background signal during screening. The resulting MPO antibody 
was shown to immunoprecipitate MPO and was used to screen the 
Agtll library. The library was screened as described by the manu- 
facturer using the Express Blot Kit (Bio-Rad). 

Positive clones were purified and the phage DNA was isolated. 
The cDNA clones were excised by EcoRI digestion and subcloned 
into either pUCI8 or pBR322 plasmid on the EcoRI she.’ 

DNA sequences from each end of the cDNA inserts were deter- 
mined by the Maxam and Gilbert method." The 60-kd, 39-kd, and 
15-kd MPO protein subunits were isolated" and the amino acid 
sequences were determined by an Applied Biosystems 470A gas 
phase protein sequencer. Phenylthiohydantoin (PTH) amino acids 
were identified by high-performance liquid chromatography using 
the applied biosystem 120A PTH analyzer. Approximately 200 to 
250 pmol of protein were sequenced with a repetitive yield of 92%. 
DNA or amino acid sequence homology was compared with the aid 
of an Apple Hc computer and the software of R. Larson and J. 
Messing (University of Minnesota, Minneapolis, Minn). 

Genomic DNA and RNA were extracted from blood samples and 
cultured cell by the guanidinium isothiocyanate and cesium chloride 
(CsCl) centrifugation procedure.’ RNA was pelleted at the bottom 
of the centrifuge tube, and genomic DNA was collected at the upper 
part of the CsCl and dialyzed extensively before restriction endonu- 
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clease digestion. Southern and Northern blot analysis was performed 
as previously described, !° 


RESULTS 


The Agt11 cDNA library was screened with the affinity- 
purified MPO antibody. cDNA clones producing fusion 
proteins were identified by their strong reaction with MPO- 
specific antibody. These À phage cDNA clones were plaque- 
purified to 100% positivity and the recombinant phage 
DNAs were prepared by a minilysate procedure." From 0.8 
mL of phage lysate we routinely are able to obtain enough 
recombinant DNA for mini-gel analysis after EcoRI diges- 
tion and subcloning of the digested cDNA insert into a 
plasmid vector. All clones were found to carry a cDNA insert 
which varied from 1.8 kb to 3.2 kb (data not shown). No 
internal EcoRI sites were found in any clone. These cDNA 
subclones were grown to obtain large quantities of plasmid 
DNA. cDNA inserts were excised and purified for DNA 
sequence analysis. We found that the DNA sequence of clone 
pMP401 as shown in Fig 1A could be translated into an 
amino acid sequence obtained from the NH,-terminal of 
60-kd-molecular weight subunit of the MPO protein (Fig 
1B, 1C, and 1D). This result proves unambiguously that 
pMPA401 is the cDNA clone of the human myeloperoxidase 
gene. The 3' end of the gene was identified by a stretch of a 
80-bp poly A tail. pMP401 carries a cDNA insert of 1.85 kb 
(Fig 1A). It has enough gene sequence capacity to encode for 
the entire 60-kd protein subunit, but not both the 60-kd and 
15-kd subunits. In addition, the 180 bp of DNA sequence 
beyond the NH,-terminal of the 60-kd subunit did not show 
any ATG or translational start codon. These observations 
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lead us to conclude that the 15-kd MPO protein subunit was 
encoded on the 5' region of the MPO mRNA. An alternative 
possibility is that part of the MPO Bene may have been 
deleted during the cloning procedure. 

Southern blot analysis of the genomic DNA shown in Fig 
2 indicates that the MPO Bene represents a single gene in the 
human genome, since only a single band of 19 kb was 
observed when the genomic DNA was digested with EcoRI. 
No rearrangement of the MPO Bene was seen using three 
different restriction digests (HindIII, EcoRI, and BamHI) 
of DNA from leukemic blasts of patient | with AML, patient 
3 with chronic myelogenous leukemia in lymphoblastic crisis, 
and cell lines 8402 and HL-60. The difference in BamHI 
restriction fragment size in 8402 DNA is due to the result of 
partial digest. 

Northern blot analysis of total RNA isolated from leu- 
kemic blasts of patient 1 with AML revealed multiple MPO 
mRNA bands (Fig 3). At least two equally strong signals 
were observed between a 3.1- to 3.3-kb region. Two addi- 
tional weaker bands were also seen at the 2.5- and 2.7-kb 
region. The signal for patient 2 and HL-60 was not suffi- 
ciently intense to determine if multiple mRNA species exist. 
Since MPO represents a single gene in the human genome, 
the finding of multiple bands in patient 1 indicates that there 
may be posttranscriptional modification of the MPO 
mRNA, resulting in the generation of different mRNA sizes, 
or there may be multiple transcriptional starts or termination 
sites. 

Figure 3 also shows that the MPO gene was not expressed 
in MPO-negative lymphoblastic cell line 8402. Patient | 
showed high levels of MPO gene activity, HL-60 expressed 
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(A) Restriction map of the MPO cDNA cione pMP401. Location of the NH;-terminal coding region of the 60-kd subunit and a 


Stretch of 80-bp poly A tail are shown. Restriction endonucleases sites were as follows: Sm, Smal: Kp, Kpnl; P, Pstl; B,, Bgll. (B) 


Nucleotide sequence and the predicted amino acid sequence at the 5' end of pMP401. 


(C) The amino acid sequence of the NH,-terminal of 


the MPO 60-kd subunit. (D) Comparison of the amino acid sequences as shown in (B) and (C). Asterísks indicate identical amino acids. 


CLONING AND EXPRESSION OF HUMAN MPO GENE 
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Fig 2. Southern blot analysis of genomic DNAs—patient 1, 
AML; patient 3, CML, lymphoid blast crisis; lymphoblastic cell line 
8402; and HL-60. Restriction endonuclease digests were as fol- 
lows: Bm, BamHI; R, EcoRt; H, Hindlll. DNA size markers 
indicated on the right are \ DNA Hindlli-digested fragments. The 
filter was hybridized to **P.labeled probe of pMP401. The pMP401 
plasmid was oligolabeled to 10? cpm/ug DNA as described by 
Feinberg and Fogelstein."" 


the MPO gene at a much lower level, and patient #2 showed 
very low levels of MPO gene expression. This data correlated 
with the MPO expression as determined by light microscopic 
cytochemical staining (pt 1, 9056; pt 2, 9%). 


DISCUSSION 


The MPO protein has been extensively studied. However, 
due to the complexity of the protein subunits, many questions 
concerning the structure and mechanism of enzyme action 
are unanswered. The cDNA clone for MPO provides a 
powerful tool to investigate MPO structure and function. 
Using our cloned human leukocyte MPO cDNA we have 
found that it represents a single gene in the human genome 
(Fig 2). This contradicts the finding at the protein level 
which showed multiple purified forms of MPO and slightly 
different molecular weights for the 60-kd subunit.^" Our 
Northern blot analysis (Fig 3) indicates that there are 
multiple species of MPO mRNA present in AML and 
HL-60. It has been shown that posttranslational processing is 
involved in the generation of the large and small subunit of 
the MPO protein.* Our findings suggest that posttranscrip- 
tional processing of the MPO mRNA or multiple transcrip- 
tional start/termination sites on the mRNA result in dif- 
ferent mRNA species which may play an important role in 
the assembling of the MPO protein into different forms. 
Such mechanisms for gene regulation have been previously 
described. '*^ The NH;-terminal amino acid sequences of the 
60-kd MPO subunit (Fig 1) match exactly the 23 amino 
acids predicted from the MPO gene nucleotide sequence. We 
have found that the 39-kd subunit isolated under nonreduc- 
ing conditions as described by Nauseef and Malech" have 
completely different NH;-terminal amino acid sequences 








Patient No. 1 
Patient No. 2 
8402 
HL-60 


Patient No. 1 
Patient No. 2 
8402 
HL-60 


| 

i 
N 
ioe) 
o 


S8l — 


Fig3. Expression of myeloperoxidase gene in human leukemic 
cells. Total RNAs (15 ug) were loaded on each lane and separated 
electrophoretically in 196 agarose. Patient #1, AML: patient 2, 
AML: 8402; and HL-60. Locations of 18S and 28S RNA are 
indicated on the right. Right panel represents a longer exposure 
and shows four mRNA bands (indicated by arrows) in patient 1. 
Hybridization probe was prepared as described in Fig 2. 


(data not shown). According to the peptide map of the 60-kd 
and 39-kd subunit presented by the authors, most fragments 
between the two subunits are identical except for two frag- 
ments that were missing in the 39-kd subunit. This observa- 
tion together with our sequencing data seems to suggest that 
the 39-kd subunit is part of the 60-kd subunit, and that a 
20-kd polypeptide was lost under nonreducing conditions. 
Final proof of these observations will depend on the complete 
sequencing of the full-length MPO cDNA. 

As previously reported, three different forms of MPO 
exhibited slightly different properties? Form I had a dif- 
ferent substrate specificity compared to Forms H and IH and 
they are likely to be compartmentalized. Thus, each of these 
forms may have a different cellular function and may be 
expressed in a specific type of myeloid cell. To investigate 
this possibility, cDNA clones that represent different 
mRNA species may be used to identify specific regions in the 
gene that do not hybridize to other MPO mRNA species, 
These specific regions can then be used to perform in situ 
hybridization to localize each mRNA species in specific 
myeloid cells. It will also be necessary to study the natural 
(genomic) gene of MPO in order to understand the mecha- 
nism that controls the expression of the different mRNA 
species. It will be important to determine whether blasts in 
leukemic patients that are negative for MPO by light and 
ultrastructure show evidence of MPO mRNA. This may 
further refine our ability to detect the earliest stage of 
myeloid lineage commitment. 
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MODE OF INHERITANCE OF TYPE li PROTEIN S DEFICIENCY 


To the Editor: 


Recently, Comp et al’ have differentiated two types of plasma 
distribution of protein S in functional protein S deficiency. These 
authors classified protein S-deficient patients exhibiting normal or 
mildly reduced total protein S antigen and markedly reduced free 
protein S as Type I, and those with markedly reduced total protein S 
antigen as Type II. The inheritance of the Type I defect is clearly 
autosomal-dominant. However, the pattern of inheritance of the 
Type II defect is still unknown. Comp et al have suggested that these 
patients are the offspring of two Type I-deficient individuals and 
that they inherit an abnormal gene from each parent. 

We have studied two siblings with a clinical history of repeated 
thrombosis since they were 19 and 23 years old. A diagnosis of Type 
II protein S deficiency could be established from the levels of total 
protein S antigen of 41% and 31% (normal range 63 to 147) with an 
absence of free protein S antigen (normal range 52 to 131). Total 
and free protein S were measured by an electroimmunoassay tech- 
nique using rabbit antiserum purchased from Diagnostica Stago 
(Ansieres, France). Free protein S was measured in the supernatant 
of plasma precipitated with PEG 8.000 as reported elsewhere.! The 
family history of the patients includes repeated episodes of thrombo- 
sis in the mother, who died of mesenteric vein thrombosis and the 


grandfather, who died of multiple pulmonary emboli, suggesting a 
deficiency in protein S in both cases 

The study of the levels of total and free protein S of the father of 
the siblings deficient in protein S showed normal levels of both 
proteins: 106% and 99%, respectively. These data do not support the 


“idea put forward by Comp et al regarding the mode of inheritance of 


Type II protein deficiency, but rather suggest that transmission of 
the anomaly depends on one or more genes from one of the parents. 
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To the Editor. 


The formal classification of various types of protein S deficiency 
will require a firm understanding of the physiologic mechanisms 
involved. Many of the patients we have tentatively designated as 
Type I-deficient do have significantly reduced levels of protein S. 
The Type I group may well be heterogenous in terms of the 
mechanism of their deficiency. According to the working classifica- 
tion we set out, Type I patients have all or most of their protein S 
complexed to C4b-binding protein and have low function activity. 
These patients may have normal or reduced protein S antigenic 
levels. The two siblings described by Vicente et al probably fall into 
this Type I group. The two brothers we classify as Type II are unique 
from the approximately one hundred protein S-deficient patients we 
have investigated. They are the sons of two Type I individuals. These 
brothers have little detectable protein S either free in the plasma or 
in complex with C4b-binding protein. The cross 1mmunoelectropho- 
retic pattern of these two patients is unique in that no complexed 


protein S is seen. Crossed immunoelectrophoresis 1s not a particu- 
larly quantitative tool, but does qualitatively demonstrate that these 
two Type II brothers are significantly different from the other 
protein S-deficient patients we have examined. Whether or not the 
two brothers are doubly heterozygous-deficient for traits affecting 
plasma protein S levels and/or the distribution of protein S between 
free and complexed forms remains to be seen The fact that they do 
have some detectable protein S antigen suggests that they are not 
homozygous-deficient. 
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' DEOXYHEMOGLOBIN S POLYMER 


To the Editor 


We write to call attention to the serious misinterpretation of our 
work in the recent paper by Billett et al in Blood ! During the last six 
years we have developed an approach to ascertain deoxyhemoglobin 
S polymer formation in sickle cells as a function of oxygen satura- 
tion, based on ultracentrifugation measurements of the solubility of 
hemoglobin solutions and nuclear magnetic resonance (NMR) mea- 
surements of sickle erythrocytes.”* This approach has allowed us to 
study quantitatively the effects of intracellular hemoglobin concen- 
tration (density distributions of red cells) and composition (76 
hemoglobin S and % non-S hemoglobins) on intracellular polymer- 
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ization * We have found, in work with Brittenham, that the extent of 
polymerization correlates very strongly with the severity of anemia 
and overall vaso-occlusive manifestations among twelve major 
genetic variants of sickle cell disease. We and our colleagues have 
used these analyses to explain overall disease severity in SC disease 
as compared to the AS genotype." We have characterized some of 
the changes in red cell properties in sickle cell anemia with homozy- 
gous alpha thalassemia® and how these changes may affect polymer- 
ization tendency in this condition (Abstract submitted to American 
Society of Hematology 1986 meeting). This work has also been 
partially successful in accounting for the anemia and certain aspects 
of clinical severity (such as chronic leg ulcerations) within a given 
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sickle syndrome,’ and has recently shown great promise for explain- 
ing the effects of varying hemoglobin F levels on overall disease 
manifestations (Abstract cited above). 

In contrast to the assertions of Billett et al, our work does not state 
or imply that “dense cells” should correlate with the incidence of 
Sickle cell painful crisis, one of the aspects of these diseases that is 
most complex and difficult to quantitate. Any rigorous test of the 
hypothesis that a correlation should exist between polymer forma- 
tion and tlus, or any other single clinical manifestation in a single 


sickle cell genotype is, in our opinion, a formidable task. It would 2 


require the prospective long-term study of a large number of 
patients, homogeneous for the known genetic modifiers of sickle cell 
disease, with generally accepted objective clinical criteria Complete 
determination of red cell density distributions (by techniques such as 
preparative Stractan” or analytical phthalate ester"! gradients) and 
hemoglobin composition would allow calculation of the significant 
independent variable, polymer formation We hope such studies will 
eventually be done, perhaps by the Cooperative Study of Sickle Cell 
Disease, to complement the smaller studies of our colleagues and 
ourselves 

We also hope that the negative results of Billett et al will not 
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obscure the progress that has been made based on the hypothesis 
that the primary pathophysiological event in sickle cell disease is the 
reversible intracellular polymerization of hemoglobin S in partially 
deoxygenated red cells and the resultant rheological abnormalities 
caused by these cells ^2? This hypothesis allows ascertainment of 
the effects of many of the genetic and cellular modifiers of the 
polymerization process ** Ultimately, quantitation of other physio- 
logical variables, such as possible changes in the red cell membrane, 
adhesion, blood flow, vascular tone, and tissue oxygenation, will be 
necessary for a full understanding of disease manifestations in each 
organ and in each patient.'*!* This approach, however, is already 
allowing the gradual development of a quantitative understanding of 
many of the manifestations of the sickle cell diseases and, most 
importantly, the establishment of goals for therapies based on 
manipulation of the sickle red cell, the intracellular hemoglobin, or 
globin gene expression.! 


ALAN N SCHECHTER 
CONSTANCE TOM NOGUCHI 
GRIFFIN P. RODGERS 

Laboratory of Chemical Biology, NIDDK 
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WILMOT CANCER RESEARCH FELLOWSHIPS 


The University of Rochester School of Medicine offers research training to physicians who have completed at least one year 
of residency or research experience. Fellowships will begin July 1, 1987. Opportunities exist in any discipline relevant to the 
cause, diagnosis, treatment, or prevention of cancer, including endocrinology, experimental therapeutics, genetics, hematology, 
immunology, microbiology, molecular and cellular biology, pathology, and radiation oncology. 

Beginning stipends range from $32,000 to $34,000, based on postgraduate experience. There is an annual allowance of 
$5,000 for related research costs. Support is provided for up to three years. 

For further information, contact: Wilmot Cancer Research Fellowship Program, Medical Center Box 601, University of 
Rochester School of Medicine & Dentistry, 601 Elmwood Avenue, Rochester, New York USA 14642. 





BAYLOR UNIVERSITY MEDICAL CENTER, DALLAS, TEXAS 
“QNCOLOGY PRACTICE 1987: A PERSPECTIVE” 
Snowmass, Colorado 
February 1-7, 1987 


For further information, contact: Stephen E. Jones, MD, Sammons Cancer Center #4800, Baylor University Medical 
Center, 3500 Gaston Avenue, Dallas, TX 75246 





4TH ANNUAL ADVANCES IN CANCER TREATMENT RESEARCH SYMPOSIUM 


March 26-27, 1987 8:00 AM to 5:30 PM 
The Grand Hyatt, New York City 
Conference Directors: Janice P. Dutcher, MD 

Avi I. Einzig, MD 
Peter H. Wiernik, MD 


Focus will be on innovative treatment, approaches being made possible by laboratory and clinical research—cellular 
mechanisms of growth and differentiation, tissue interactions, pharmacological modulation, the process of neoplasia, and the 
introduction of interferon and interleukin-2/LAK cells. Fourteen AMA credit hours in CME Category 1. Tuition: practicing 
physicians, $275; residents and nurses, $150. 


For more information, phone or write. Albert Einstein College of Medicine, Montefiore Medical Center, 3301 Bainbridge 
Ave, Bronx, NY 10647. Telephone: (212) 920-6674. 





SOUTHERN BLOOD CLUB SYMPOSIUM 
100 YEARS OF PLATELET RESEARCH 


Thursday, January 29, 1987, 5:00 PM 
Hyatt Regency Hotel, New Orleans 


“Early History of Platelet Research” 
Mehdi Tavassoli, University of Mississippi 


“Incorporation of Circulating Proteins into Megakaryocyte and Platelet Granules” 
Dorothy F. Bainton, University of California, San Francisco 


“The Morphophysiologic Analysis of Platelet Disorders” 
J David Bessman, University of Texas Medical Branch, Galveston 
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CLINICAL HEMATOLOGY AND ONCOLOGY: 1987 


February 16-18, 1987 
Sponsored by Scripps Clinic and Research Foundation, San Diego, CA 
Laurence Harker, MD, Program Chairman 


This conference is designed for hematologists, oncologists, internists, pediatricians, and pathologists interested in the 
diagnosis and management of hematologic and oncologic disorders. An outstanding faculty from across the country has been 
assembled to discuss various aspects of these fields, to aid clinicians in sorting out the important from the trivial, and to help 
identify those recent advances which will withstand the test of time. 21 hours Cat. I. 


For further information and application forms, contact: Bonny Mower, Department of Academic Affairs, Box 4008, 
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cell-mediated megakaryocyte suppression in, 619-626 
Abelson murine leukemia virus (A-MuLV), GM-CSF production by 

tumorigenic mast cells induced by, 1073-1081 
ABMTs, see Autologous bone marrow transplantations 
ABS (artificial blood substitute), increased infection mortality and 
decreased migration of neutrophils due to component of, 
351-354 
Acetylcholinesterase (AChE), red cell, structural and functional 
differences between DAF and, 680-684 
Acidic isoferritins, negative regulatory effects of, reversed by dCyd, 
1136-1141 
Acquired amegakaryotcytic thrombocytopenic purpura (AATP), 
cell-mediated megakaryocyte suppression in, 619-626 
Acquired thrombasthenia due to GPIIb/IIIa autoantibodies, 571— 
576 
Acute blastic transformation in CML, 3q21 translocation associated 
with hyperactive thrombopoiesis in, 652-657 
Acute graft-versus-host disease (GVHD), MTX alone compared 
with MTX-cyclosporine combination in prevention of, in 
BMTs for severe aplastic anemia, 119-125 
Acute leukemias 
cytochemistry and immunophenotyping in FAB classification of, 
900-905 
See also specific types of acute leukemias 
Acute lymphoblastic (and lymphocytic) leukemia (ALL) 
childhood, see Childhood acute lymphoblastic leukemia 
immunologic classification of, 6-7 
in infants, MoAb phenotyping used in detecting B cell origin of, 
975-978 
non-B, non-T, TcR gene rearrangement in, 332 
Philadelphia positive, ber rearrangement and translocation of 
c-abl oncogene 1n, 1369-1375 
T, see T cell acute lymphoblastic leukemia 
with unusual cytoplasmic granulation, 406—411 
Acute lymphoblastic (and lymphocytic) leukemia (ALL) cells and 
cell lines, MTX-resistant, folate requirements of, 586-591 
Acute myeloblastic (and myelocytic) leukemia (AML) 
autocrine secretion of GM-CSF in, 1178-1181 
autologous BMT in, marrow treated with myeloid cell-specific 
MoAbs for, 1311-1315 
childhood, see Childhood acute myeloblastic (and myelocytic) 
leukemia 
classification of, 14-15, 1355-1362 
growth of persisting colonies in agar cultures by serum of patients 
with, 37-40 
MoAbs in subclassification of, according to differentiation- 
associated phenotypes, 16 
TcR gene rearrangement in, 332 


Acute myeloblastic (and myelocytic) leukemia (AML) blast cells 
effects of rGM-CSF on, 313-316 
growth of, 1187 
Acute myeloblastic (and myelocytic) leukemia (AML) cells 
clonogenic, 1185-1195 
heterogeneity of surface marker expression by, 16-17 
Acute myeloblastic cells-colony-forming units (AML-CFUs) 
surface phenotypes of, 1189 
techniques for growth of, 1186-1187 
Acute myeloid leukemia progenitor cells (AML-CFU) 
fucose-binding lectin in characterization of, 41-45 
prognostic value of, 1190-1192 
Acute myelomonocytic leukemia (AMMoL), prognosis of, with 
abnormal eosinophils and inv(16) or t(16;16), 1242-1249 
Acute nonlymphoblastic (and nonlymphocytic) leukemia (ANLL), 
CA as marker for erythroid phenotype 1n, 304—306 
Acute nonlymphoblastic (and nonlymphocytic) leukemia (ANLL) 
blast cells 
effects of verapamil on intracellular accumulation and retention 
of daunorubicin in, 83-88 
metabolism of Ara-C by, 76-82 
Acute undifferentiated leukemia (AUL), analysis of surface mark- 
ers in Ig gene rearrangement in, 658-662 
Adenopathy, peripheral, childhood Ki-! lymphoma presenting with 
skin lesions and, 1042-1049 
Adenosine diphosphate (ADP), inhibition of collagen-induced plate- 
let activation by FSBA as evidence for requirement in, 
565-570 
Adenosine monophosphate (AMP), dbc, effects of, on c-myc expres- 
sion during HL-60 differentiation, 412-416 
ADP (adenosine diphosphate), inhibition of collagen-induced plate- 
let activation by FSBA as evidence for requirement ın, 
565-570 
Adult acute myeloblastic leukemia (AML), surface marker analysis 
to predict outcome of, 1232-1241 
Adult erythroid progenitors, normal, treated with BrdU, as model 
for reactivation of fetal y-globin genes, 1036-1041 
Adult hemoglobin (Hb) produced in fetal nonerythroid x MEL cell 
hybrids, 1384—1388 
Adult mice, normal, effects of bacterially synthesized murine IL-3 
on hematopoiesis in, 46—57 
Adult-onset cyclic neutropenia, LGLs and, 1082-1087 
Adult polymorphonuclear leukocytes (PMNs), heterogeneity of, 
200—204, 611-618 
Adult T cell leukemia (ATL) cells, IL-2 producing, autocrine 
growth of, 779-782 
Adult T cell leukemia/lymphoma (ATLL), immunologic classifica- 
tion of, 10 
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Agglutinin, Ulex europaeus, AML progenitor cells characterized 
by, 41-45 

Aggregation, platelet, see Platelet aggregation and activation 

Age of platelets, relationship between density and, 386-393 

AG-1 (monoclonal antibody), platelet membrane protein of low 
molecular weight associated with platelet activation follow- 
ing binding by, 743—751 

AIL (angioimmunoblastic lymphadenopathy), TcR gene rearrange- 
ment in, 332-333 

AL (amyloidosis), primary systemic, prognosis of, 220—224 

A Leu-11+, Leu-7— surface phenotype malignant clonal expansion 
of LGLs with, 1065-1073 

ALG (antilymphocyte globulin), biological and immunological 
characterization of, 712-719 

ALL, see Acute lymphoblastic (and lymphocytic) leukemia 

Allogeneic bone marrow transplantation (BMTs), inhibition of 
PGE, restoring defective proliferation of lymphocytes and 
cell-mediated lympholysis in, 102-107 

Alveolar macrophages (MQ), HTLV/III infections of, 281—284 

Amegakaryocytic thrombocytopenic purpura, acquired, cell- 
mediated megakaryocyte suppression in, 619-626 

AML, see Acute myeloblastic (and myelocytic) leukemia 

AML-CFU, see Acute myeloid leukemia progenitor cells 

AMMol (acute myelomonocytic leukemia), prognosis of, with 
abnormal eosinophils and inv(16) or t(16;16), 1242-1249 

AMP (adenosine monophosphate), dbc, effects of, on c-myc expres- 
sion during HL-60 differentiation, 412—416 

A-MuLV (Abelson murine leukemia virus), GM-CSF production by 
tumorigenic mast cells induced by, 1073-1081 

Amyloidosis (AL), primary systemic, prognosis of, 220-224 

Anemia 

aplastic, see Aplastic anemia 

CDA II, anomalous clustering of underglycosylated band 3 in 
erythrocytes and their precursor cells in, 521—529 

immune hemolytic, Rh blood group-specific antibodies in, 1n- 
duced by nomifensine, 1285-1288 

sickle cell, see Sickle cell anemia 

Angioimmunoblastic lymphadenopathy (AIL), TcR gene rear- 
rangement in, 332-333 

Angiopathy, diabetic, low-dose aspirin in, 886-891 

ANLL, see Acute nonlymphoblastic (and nonlymphocytic) leuke- 
mia 

Antibodies 

to acquired thrombasthenia due to GPIIb/IIIa autoantibodies, 
571-576 

antilymphocytic, and BMT, 818-824 

diagnosis of leukemia and testing of complement-fixing, for BM 
purging in ALL, 1264-1271 

monoclonal, see Monoclonal antibodies to shared idiotypes in 
analysis and therapy of B cell malignancies, 430-436 

specific to Rh blood group in IHA induced by nomifensine, 
1285-1288 

Anticoagulants, lupus, see Lupus anticoagulants 
Antigen(s) 

CALLA, subpopulations of lymphoid cells positive to, in normal 
bone marrow identified by hematopoietic differentiation 
antigens, 417—425 

common to CLL and HCL cells and not shared by normal 
lymphocytes, 62-68 

expression of GPIIb/IIIa, on hematopoietic stem cells, 762—769 

HLA, platelet surface, analyzed with W6/32 anti-HLA MoAb, 
627-632 

leukemia-associated, in classification of leukemia and lymphoma, 
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Antigen(s) (Continued) 
L4F3, unipotent colony-forming cells and CFU-GM expressing, 
1030-1035 
MHC class II, enhanced proliferation of marrow BFU-E by PGE 
requiring association with density expression of, 126-133 
MO3e, modulation of expression of, on U-937 and HL-60 cells 
stimulated by pharmacologic activators of protein kinase C, 
1154-1161 
platelet fetal, 488-492 
Antigen receptor genes, structure of, in normal and malignant T 
cells, 327-336 
Antilymphocyte globulin (ALG), biological and immunological 
characterization of, 712-719 
Antilymphocytic antibodies, and BMT, 818-824 
Anti-pan T antibodies, Clq-affine monoclonal antibodies, BMT 
recipient conditioning with, to prevent GVHD, 818-824 
Antithrombotic effects of MoAb to GPIIb/IIIa receptor, 783-786 
Antithymyocyte globulin (ATG), biological and immunological 
characterization of, 712-719 
Aplastic anemia 
HLA-nonidentical family donors in BMT for, compared with 
histocompatible unrelated volunteer donors, 1322-1328 
severe, see Severe aplastic anemia 
Ara-C (cytosine arabinoside), metabolism of, by ANLL blast cells, 
76-82 
Artificial blood substitute (ABS), increased infection mortality and 
decreased migration of neutrophils due to component of, 
351-354 
Artificial surfaces, conformation of adsorbed fibrinogen and platelet 
interaction with, 355—362 
Aspirin, low-dose, in diabetic angiopathy, 886-891 
Ataxia telangiectasia (AT), chronic T-CLL with unusual cellular 
characteristics in, 577—585 
ATG (antithymocyte globulin), biological and immunological char- 
acterization of, 712-719 
ATL (adult T cell leukemia) cells, IL-2 producing, autocrine growth 
of, 779-782 
ATLL (adult T cell leukemia/lymphoma), immunologic classifica- 
tion of, IO 
AUL (acute undifferentiated leukemia), analysis of surface markers 
and Ig gene rearrangement in, 658—662 
Autoantibodies, GPIIb/IIIa, acquired thrombasthenia due to, 571— 
576 
Autocrine growth 
of GM-CSF in AML, 1178-1181 
of IL-2-producing ATL cells, 779—782 
Autocrine regulator, Ep as, 263—268 
Autologous bone marrow transplantations (BMT) 
in AML, marrow treated with myeloid cell-specific MoAbs for, 
1311-1315 
dye-mediated photolysis of neuroblastoma cells and its implica- 
tions for, 32-36 
Autoradiographic distribution of substance P receptors in spleen, 
1398-1401 


Band 3, erythrocyte, anomalous clustering of underglycosylated, in 
CDA II, 521-529 
B cell(s) 
in infant ALL, monoclonal antibody phenotyping used in detect- 
ing, 975-978 
markers of, in classification of leukemia and lymphoma, 1—3 
B cell malignancies 
antibodies to shared idiotypes in analysis and therapy of, 430- 
436 
See also specific B cell malignancies 
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B cell type non-Hodgkin's lymphoma, TcR gene rearrangement in, 
332 
bcr gene rearrangement 
in Philadelphia negative CML, 957-960 
and translocation of c-abl oncogene in Philadelphia positive ALL, 
1369-1375 
BFU-E, see Erythroid progenitors 
Biochemical markers, see Marker(s) 
Biochemical properties of isolated fractions of neutrophil granules, 
541-555 
Biological characteristics 
of ALG and ATG, 712-719 
of clonogenic cells n AML, 1187 
Biphenotypic blastic phase of CML, t(14;14) (q11;q32) in, 949- 
953 
Blast cells 
AML, see Acute myeloblastic (and myelocytic) leukemia blast 
cells 
ANLL, see Acute nonlymphoblastic (and nonlymphocytic) leuke- 
mia blast cells 
childhood ALL, shifts in phenotype and karyotype at relapse, 
1306-1310 
Blastic transformation 
acute, in CML, 3q21 abnormality associated with hyperactive 
thrombopotesis in, 652-657 
biphenotypic, in CML, 949-953 
Bleeding incidence ın hemophulia, effects of danazol on, 673-679 
Bleeding time (BT) 
infusions of DDAVP for GSD-1 and associated correction of 
prolonged, 180-184 
platelet vWF as determinant in, in type 1 vWD, 58-61 
Blood banks, platelet membrane microparticles in fresh frozen 
plasma and cryoprecipitate of, 307-309 
Blood group, Rh, antibodies specific to, in IHA induced by nomifen- 
sine, 1285-1288 
Blood substitute, artificial, increased infection mortality and de- 
creased neutrophil migration due to component of, 351—354 
Blood transfusions 
natural history of primary infection with LAV in multitransfused 
patients, 89-94 
and PTP, 347-350 
Bone marrow (BM) 
cultured preleukemic cells derived from, of F-MuLV-infected 
mice, 193-199 
diagnosis of leukemia and testing of complement-fixing antibodies 
for purging of, in ALL, 1264—1271 
model of erythroid egress in, 250-257 
normal, subpopulations of lymphoid cells positive to CALLA in, 
identified by hematopoietic differentiation antigens, 417— 
425 
See also entries beginning with term: Myelo- 
Bone marrow (BM) erythroid progenitors (BFU-E) 
enhanced proliferation of, due to PGE, requiring participation of 
OKTS8-positive lymphocytes and association with density 
expression of major histocompatibility complex class II anti- 
gens on, 126-133 
value of cultures of, in polycythemia, 996—1002 
Bone marrow (BM) leukocytes, erythropoietic growth factor release 
from, augmented by L-T3, 1289-1297 
Bone marrow (BM) megakaryocytes, murine plastic-embedded, 
membrane and a-granule proteins in, 696—702 
Bone marrow (BM) neutrophils, purification and functional evalua- 
tion of mature, 853-860 
Bone marrow (BM) stroma, S1 and S1* murine, active radiation- 
sensittve inhibitor of hematopoiesis in, 1201-1206 
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Bone marrow (BM) stromal cells 
fibroblastoid, stimulated by monocytes to produce multilineage 
hematopoietic growth factors, 530—534 
in myeloid and lymphoid long-term BM cultures supporting 
multiple hematopoietic cells and modulating thetr production 
of hematopoietic growth factors, 1348-1354 
Bone marrow transplantations (BMTs) 
allogeneic, inhibition of PGE, restoring defective proliferation of 
lymphocytes and cell-mediated lympholysis in, 102-107 
autologous, see Autologous bone marrow transplantations 
CMV-specific lymphocyte proliferation and in vitro cytomegalo- 
virus IgG synthesis in diagnosis of CMV infections after, 
108-112 
conditioning recipient of, with Clq-affine monoclonal anti-pan T 
antibodies to prevent GVHD, 818—824 
genotypic analysis following, polymorphic DNA probes in, 378- 
385 
growth and development following, for leukemia, 1129-1135 
HLA-nonidentical family donors in, for aplastic anemia and 
leukemia compared with histocompatible unrelated volunteer 
donors, 1322-1328 
LGLs and resistance to, with unrelated DLA-nonidentical donors, 
861-868 
murine syngeneic, buffy coat cell and gut leukocyte infusions for 
GALT recovery in, 1003-1007 
recipient immunocompetent T lymphocytes surviving intensive 
conditioning for, 954—956 
for severe aplastic anemia, see Severe aplastic anemia 
T cell-depleted, clonable T cells in, and GVHD, 770-773 
variables influencing timing of, in CML, 1055-1064 
Bromodeoxyuridine (BrdU), treatment of normal adult erythroid 
progenitors with, as model for reactivation of fetal y-globin 
genes, 1036-1041 
BT, see Bleeding time 
Buffy coat cells, GALT recovery with infusions of, ın murine 
syngeneic BMT model, 1003-1007 


CA (carbonic anhydrase), as marker for erythroid phenotype in 
ANLL, 304—306 
c-abl (oncogene), ber gene rearrangement and translocation of, in 
Ph' positive ALL, 1369-1375 
Calcium 
HCCH stimulating release of, in PMNs, 535—540 
PKC dependent on phospholipids and, in secretion of neutrophils, 
810-817 
repolarization of platelet membrane potential after complement 
damage as evidence for exocytotic elimination of C5b-9 pores 
dependent on, 556-561 
CALLA (common acute lymphoblastic leukemia antigen), subpopu- 
lations of lymphoid cells positive to, in normal bone marrow, 
identified by hematopoietic differentiation antigens, 417— 
425 
cAMP (cyclic adenosine monophosphate), dibutyryl, effects of, on 
c-myc expression during HL-60 differentiation, 412-416 
Carbonic anhydrase (CA), as marker for erythroid phenotype in 
ANLL, 304—306 
Cardiotoxicity of cyclophosphamide, 1114-1118 
Cations, association between deoxygenation-induced increased per- 
meability of, and morphologic distortion of sickle cells, 
450-454 
CCE (counterflow centrifugal elutriation), helper and suppressor 
thymocytes isolated by, 787—789 
CDA II (congenital dyserythropoietic anemia type IJ), anomalous 
clustering of underglycosylated band 3 in erythrocytes and 
their precursor cells in, 521—529 
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Cell cycle of clonogenic cells AML, 1187 
Cell differentiation, see Differentiation 
Cell markers, see Marker(s) 
Cell-mediated lympholysis, inhibition of PGE, restoring, in allo- 
geneic BMTs, 102-107 
Cell-mediated megakaryocyte suppression in AATP, 619-626 
Cell surface, expression of functional TcR on, 329-330 
CFCs, see Colony-forming cells 
C5b-9, see Complement 5b-9 
c-fos (oncogene, expression of, during IFN-a therapy for HCL, 
967-970 
CFU-GEMM (multilineage colony formation), lymphokine from T 
cell subpopulations supporting, 991—995 
CFU-GM, see Myeloid progenitors 
CFU-M (megakaryocytic colony formation), lymphokine from T 
cell subpopulations supporting, 991—995 
CGD (chronic granulomatous disease), modulation of neutrophil 
defect by severe infection in variant, 914—919 
a- and 6-Chain genes of TcR, 327-329 
y-Chain of congenital abnormal Fg, molecular weight of variant of, 
703—707 
y-Chain genes, T cell, structure of, in lymphoproliferative disorders 
and lymphoma cell lines, 592—594 
Chemotactic peptide receptors, corticosteroid effects on binding and 
down-regulation of, 830-836 
Chemotherapy 
correlation of sensitivity to, with clinical responses in childhood 
AML, 400-405 
See also specific chemotherapeutic agents 
Childhood acute lymphoblastic leukemia (ALL) 
chromosomal translocations and prognosis of, 205-212 
nonrandom involvement of 12p12 breakpoint in, 69-75 
Childhood acute lymphoblastic leukemia (ALL) blast cells, shifts in 
phenotype and karyotype at relapse of, 1306-1310 
Childhood acute myeloblastic (and myelocytic) leukemia (AML), 
correlation of sensitivity to chemotherapy with clinical 
Tesponses in, 400—405 
Childhood Ki-1 lymphoma presenting with skin lesions and periph- 
eral adenopathy, 1042-1049 
Chromosomal abnormalities 
and childhood ALL prognosis, 205-212 
frequent and extensive deletion during 9,22 translocation in CML, 
1123-1128 
and nonrandom involvement of 12p12 breakpoint in childhood 
ALL, 69-75 
prognosis of AMMoL with inv(16) or t(16;16), 1242-1249 
t(14314)(q11;32) translocation as, in biphenotypic blastic phase of 
CML, 949-953 
3q21, associated with hyperactive thrombopoiesis in acute blastic 
transformation of CML, 652-657 
Chromosomal analysis of KM-H2 cell line derived from HD, 
285-292 
Chromosomes, see Chromosomal abnormalities; Chromosomal anal- 
ysis and entries beginning with term: Philadelphia 
Chronic B cell malignancies, TcR gene rearrangement in, 332 
Chronic granulomatous disease (CGD), modulation of neutrophil 
defect by severe infection in variant, 914-919 
Chronic lymphoblastic (and lymphocytic) leukemia (CLL) 
immunologic classification of, 10-11 
invariant chain associated with HLA-DR expressed in, 371—377 
Leu11* Ty, NK cell activation by rIL-2 in, 846-852 
Chronic lymphoblastic (and lymphocytic) leukemia (CLL) cells, 
antigen common to HCL cells and, 62-68 
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Chronic myeloblastic (and myelocytic) leukemia (CML) 
frequent and extensive deletion during 9,22 translocation 1n, 
1123-1128 
growth of persisting colonies by serum of patients with, 37—40 
immunologic classification of, 17-18 
Philadelphia chromosome-negative, rearrangement of bcr gene 
in, 957-960 
t(14,14)(q11,q32) in biphenotypic blastic phase of, 949-953 
3q21 abnormality associated with hyperactive thrombopoiesis ın 
acute blastic transformation of, 652-657 
two groups of, revealed by neutrophil membrane marker, 343- 
346 
variables influencing timing of BMT for, 1055-1064 
Chronic T cell leukemia (T-CLL) with unusual cellular characteris- 
tics in AT, 577—585 
Chronic T cell malignancies, TcR gene rearrangement in, 332 
Circulating transferrin, nonrandom distribution of iron in, 157-161 
Class II antigens, MHC, enhanced proliferation of marrow BFU-E 
by PGE requiring association with density expression of, 
126-133 
Classification 
FAB, see French-American-British classification 
immunologic, of leukemia and lymphoma, 1-31 
CLL, see Chronic lymphoblastic (and lymphocytic) leukemia 
Clonable T cells ın T cell-depleted BMT, GVHD and, 770—773 
Clonal expansion, of LGLs with A Leu-11-, Leu-7— surface 
phenotype, 1065-1073 
Cloned erythroid cells, serum-free production of Ep from, 263-268 
Cloned myeloperoxidase (MPO) gene expressed in leukemic cells, 
1411-1414 
Clonogenic cells in AML, 1185-1195 
Clot lysis, see Lysis 
Clotting, see Coagulation 
CMV (cytomegalovirus) infections after BMTs, cytomegalovirus- 
specific lymphocyte proliferation and in vitro cytomegalovi- 
rus IgG synthesis 1n diagnosis of, 108—112 
c-myc (oncogene) 
effects of dbcAMP on expression of, during HL-60 differentia- 
tion, 412-416 
expression of, during IFN-a therapy for HCL, 967—970 
Coagulation 
in situ interaction between cancer and, ın renal cell carcinoma, 
394—399 
See also Platelet(s) and entries beginning with element: Thromb- 
Coagulation factors 
in hemophiha, effects of danazol on need for infusions of, 673- 
679 
See also specific coagulation factors 
Coagulation time, kaolin, diagnosis of lupus anticoagulants with, 
472-478 
Collagen 
platelet activation induced by, and inhibited by FSBA, as 
evidence for ADP requirement and synergistic influence of 
PG endoperoxides, 565—570 
ristocetin in platelet interaction with, 927-937 
Colony-forming cells (CFCs) 
fibroblast, lysis of, by MoAb 6-19 and complement, 1196-1200 
in T-ALL and T-NHL, dependent on JL-2, 1088-1094 
Colony-stimulating factor(s) (CSFs) 
GM, see Granulocyte-macrophage colony-stimulating factor 
multipotential, see Interleukin-3 
neutrophil and eosinophil survival enhanced by purified, 162—166 
Colony-stimulating factor 1 (CSF-1), macrophage, inducible pro- 
duction of, 633—639 
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Common acute lymphoblastic leukemia antigen (CALLA), subpop- 
ulations of lymphoid cells positive to, 1n normal bone marrow 
identified by hematopoietic differentiation antigens, 417— 
425 

Complement (C), lysis of fibroblast CFCs and endothelial cells by 
MoAb 6-19 and, 1196-1200 

Complement 5b-9 (C5b-9) 

procoagulant activity through platelet prothrombinase stimulated 
by, 875-880 

repolarization of membrane potential of platelets after comple- 
ment damage as evidence for calcium-dependent exocytotic 
elimination of pores of, 556—561 

Complement-fixing antibodies, diagnosis of leukemia and testing of, 
for, BM purging in ALL, 1264-1271 

Cl inhibitor (Cl INH), effects of, on Hageman factor autoactivation, 
239—243 

Clq-affine monoclonal anti-pan T antibodies, BMT recipient condi- 
tioning with, to prevent GVHD, 818-824 

Congenital abnormal fibrinogen (fibrinogen Kyoto), molecular 
weight of y-chain variant in, 703—707 

Congenital dyserythropoietic anemia type II (CDA II; HEMPAS), 
anomalous clustering of underglycosylated band 3 in erythro- 
cytes and their precursor cells in, 521—529 

Continuous cell line, vascular endothelium derived, prostacyclin 
expression by, 825—829 

Corticosteroids, effects of, on chemotactic peptide receptors and 
granulocytes, 830—836 

Counterflow centrifugal elutriation (CCE), helper and suppressor 
thymocytes isolated by, 787—789 

Crosslinking 

across E domain of Fg, platelet aggregation by Fg polymers and, 
363-371 
covalent, of vWF to fibrin, 95-101 

Cryoprecipitate in blood banks, platelet membrane microparticles 
in, 307-309 

CSFs, see Colony-stimulating factor(s) 

Cutaneous T cell lymphoma (mycosis fungoides; Sézary cell leuke- 
mia), 1mmunologic classification of, 9—10 

CYA (cyclophosphamide), cardiotoxicity of, 1114-1118 

Cyclic adenosine monophosphate (cAMP), dibutyryl, effects of, on 
c-myc expression during HL-60 differentiation, 412-416 

Cyclic neutropenia, adult-onset, LGLs and, 1082-1087 

Cyclophosphamide (CYA), cardiotoxicity of, 1114-1118 

Cyclosporine, MTX in combination with, compared with MTX 
alone in prevention of acute GVHD in BMT for severe 
aplastic anemia, 119-125 

Cytochemical analysis 

of ALL with unusual cytoplasmic granulation, 406—411 
and FAB classification of acute leukemia, 900—905 
of KM-H2 cell line derived from HD, 285-292 

Cytogenetics, applications of stimulated proliferation of myeloid 
leukemic cells to, 790—793 

Cytolysis, tumor cell, mediated by peptide defensins of granulocytes, 
1407-1410 

Cytomegalovirus (CMV) infections after BMTs, cytomegalovirus- 
specific lymphocyte proliferation and in vitro cytomegalovi- 
rus IgG synthesis in diagnosis of, 108-112 

Cytometry, see Flow cytometry 

Cytoplasmic granulation, ALL with unusual, 406—411 

Cytosine arabinoside (Ara-C), metabolism of, in ANLL blast cells, 
76-82 

Cytotoxicity 

of IL-2-activated lymphocytes in leukemia and lymphoma cells, 
938-948 

of LGLs from patients with expanded LGL population, 1095— 
1101 : 
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DAF (decay-accelerating factor), structural and functional differ- 
ences between red cell AChE and, 680—684 

Danazol, effects of, on plasma levels of factors VIII and IX, bleeding 
incidence, factor infusion requirements, and immune param- 
eters in hemophilia, 673-679 

Daunorubicin (DNR), intracellular retention and accumulation of, 
in ANLL blast cells, verapamil effects on, 83-88 

dbcAMP (dibutyryl cyclic adenosine monophosphate), effects of, on 
c-myc expression during HL-60 differentiation, 412-416 

dCF, see Deoxycoformycin 

dCyd (deoxycytidine), normal CFU-GM growth stimulated by, and 
negative regulatory effects of acidic isoferritins and PGE, 
reversed by, 1136-1141 

DDAVP (1-deamino-8-p-arginine vasopressin), infusions of, for 
GSD- 1, and associated correction of prolonged bleeding time, 
180-184 

D-dimer, levels of fibrin, as marker of vaso-occlusive crisis in sickle 
cell disease, 317-319 

1-Deamino-8-D-arginine vasopressin (DDA VP; desmopressin), infu- 
sions of, for GSD-1, and associated correction of prolonged 
bleeding time, 180-184 

Decay-accelerating factor (DAF), structural and functional differ- 
ences between red cell AChE and, 680-684 

Defensins, tumor cell cytolysis mediated by granulocyte peptide, 
1407-1410 


Degradation products, see Fibrin degradation products; Fibrinogen 
degradation products 


Deletions, see Gene(s) 


Dense red cells 
percentage of, as predictor of incidence of sickle cell painful crisis, 
301-303 
vaso-occlusion by sickle cells as evidence for selective trapping of, 
1162-1166 
Density 
expression of, of MHC class II antigen, enhanced proliferation of 
marrow BFU-E by PGE requiring association with, 126-133 
platelet, relationship between age and, 386-393 
Deoxycoformycin (dCF) 
low-dose, for HCL, 1119-1122 
response to, after failure of recombinant a-A interferon in non- 
splenectomized patients with HCL, 297-300 
Deoxycytidine (dCyd), normal CFU-GM growth stimulated by, and 
negative regulatory effects of acidic isoferritins and PGE, 
reversed by, 1136-1141 
Deoxygenation, association between cation permeability increase 
1nduced by, and morphologic distortion of sickle cells, 450— 
454 
Deoxyribonucleic acid, see DNA probes and entries beginning with 
term. Recombinant 
Desmopressin (DDAVP; 1-deamino-8-D-arginine vasopressin), infu- 
sions of, for GSD-1 and associated correction of prolonged 
bleeding time, 180—184 
Development following BMT for leukemia, 1129-1135 
Diabetic angiopathy, low-dose aspirin in, 886—891 
Diagnosis 
of CMV infections after BMTs, CMV-specific lymphocyte prolif- 
eration and in vitro CMV IgG synthesis in, 108-112 
of leukemia, and testing of complement-fixing antibodies for BM 
purging in BMT for ALL, 1264—1271 
of lupus anticoagulants, see Lupus anticoagulants 
of a-thalassemia in blacks, 985-986 
Dibucaine, platelet membrane alterations due to, 463—471 
Dibutyryl cyclic adenosine monophosphate (dbcAMP), effects of, on 
c-myc expression during HL-60 differentiation, 412-416 
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DIF (differentiation-inducing factor), T cell-derived, proliferation 
of leukemic and normal hematopoietic cells inhibited by, 
1333-1338 

Differentiation 

of AML clonogenic cells, 1187-1188 
correlates of, with lymphoid, 11-13 
HL-60 cell, see HL-60 differentiation 

Differentiation antigens, hematoporetic, subpopulations of lymphoid 
cells positive to CALLA identified by, 417-425 

Differentiation-associated phenotypes, subclassification of AML by 
MoAbs according to, 16 

Diffuse small cleaved cell, and diffuse mixed small and large cell 
malignant lymphomas, immunologic classification of, 8-9 

2,3-Diphosphoglycerate (2,3-DPG), effects of, on mechanical prop- 
erties of erythrocyte membrane, 231—238 

DLA-nonidentical donors, unrelated, LGLs and resistance to grafts 
of marrow from, 861—868 

DNA probes 

mutation of Hb Köln analyzed with, 1175-1177 
polymorphic, in genotypic analysis following BMTs, 378-385 

DNR (daunorubicin), intracellular retention of accumulation of, in 
ANLL blast cells, verapamil effects on, 83-88 

Donors 

histocompatible unrelated volunteer, HLA-nonidentical family 
donors in BMT for aplastic anemia and leukemia compared 
with, 1322-1328 

homozygous fully mismatched, antilymphocytic antibodies to 
prevent GVHD in BMT with, 818-824 

unrelated DLA-nonidentical, LGLs and resistance to grafts of 
marrow from, 861—868 

Dosage 

and cardiotoxicity of cyclophosphamide, 1114-1118 

See also entries beginning with term: Low-dose 

2,3-DPG (2,3-diphosphoglycerate), effects of, on mechanical prop- 
erties of erythrocyte membrane, 231—238 

Drugs, see Chemotherapy and specific drugs 

Dyserythropotetic anemia type II, congenital, anomalous clustering 
of underglycosylated band 3 in erythrocytes and their precur- 
sor cells in, 521-529 

Dyshipoproteinemia, thrombin binding and response to platelets 
from patients with, 498-505 


E domain of Fg, platelet aggregation by Fg polymers crosslinked 
across, 363-371 
EGF domain of factor IX gene, deletion of potential, ın family with 
severe hemophilia B, 961—963 
18-kb to 23-kb ô- and 6-globin gene deletion in Macedonian 68- 
thalassemia, 971—974 
Endocytosis, effects of vanadate on, 1008-1014 
Endoperoxides, PG, inhibition of collagen-induced platelet activa- 
tion by FSBA as evidence of synergistic influence of, 565— 
570 
Endothelial cells 
adherence of, in sickle cell anemia, 1050-1054 
denaturant-induced stimulation of 6-migrating plasminogen acti- 
vator inhibitor in, 1298-1305 
lysis of, by MoAb 6-9 and complement, 1196-1200 
vascular continuous, in prostacyclin expression, 825-829 
Endotoxic glycolipids bearing mutant Re595 of Salmonella minne- 
sota, platelet activation by, 1015-1023 
Enzymes 
intracellular, in classification of leukemia and lymphoma, 6 
myeloid lysosomal, synthesis and processing of, 442-449 
synthesis of eosinophil-associated, in HL-60 cells, 185-192 
See also specific enzymes 
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Eosinophil(s) 
prognosis of AMMoL with abnormal, and inv(16) or t(16;16), 
1242-1249 
purified CSFs enhancing survival of, 162-166 
Eosinophil-associated enzymes, synthesis of, in HL-60 cells, 185- 
192 
Eosinophil granules, extracellular deposition of major basic protein 
of, ın lymph nodes of patients with Hodgkin’s disease, 
1250-1254 
Ep (EPO), see Erythropoietin 
Epinephrine, expression of Fg receptors during activation and subse- 
quent desensitization of platelets by, 1224-1231 
Erythroblastic leukemia, phenotype of early, 1167-1174 
Erythrocytes, see Red blood cell(s) 
Erythroid cells, cloned, serum-free production of Ep from, 263-268 
Erythroid egress, model of, in BM, 250—257 
Erythroid phenotype, CA as marker for, in ANLL, 304—306 
Erythroid progenitors (BFU-E) 
BM, see Bone marrow erythroid progenitors 
IFNy enhancing release from PHA-stimulated T4* lymphocytes 
of activities stimulating, 1339-1347 
influence of rHF and rLF on, 1257-1263 
normal adult, treated with BrdU, as model for reactivation of fetal 
"y-globin gene, 1036-1041 
Erythroleukemia cells, see Murine erythroleukemia cells 
Erythropoietic growth factor, release of, from peripheral blood and 
BM erythrocytes augmented by L-T3, 1289-1297 
Erythropoietin (Ep; EPO) 
as autocrine regulator, 263-268 
immunoreactive, effects of fetal and neonatal concentrations of, 
on hypoxia, 892-899 
purification of murine, produced in serum-free cultures of eryth- 
roleukemia cells, 258—262 
Esterase, monocyte-nonspecific, purification and subunit structure 
of, 479—487 
Exocytotic elimination of Cb5-9 pores dependent on calcium, repo- 
larization of platelet membrane potential after complement 
damage as evidence for, 556—561 
Extracellular deposition of eosinophil granule major basic protein in 
lymph nodes of patients with Hodgkin's disease, 1250-1256 


FAB, see French-American-British classification 
Factor V, localization of, in platelets, 244—249 
Factor VII, activation of, in tissue factor-dependent coagulation, 
685-691 
Factor VIII, effects of danazol on plasma levels of, 673-679 
Factor IX 
effects of danazol on plasma levels of, 673—679 
effects of platelets on activation of, by factor XIa, 140-148 
Factor IX gene, deletion of potential EGF domain of, in family with 
severe hemophilia B, 961—963 
Factor IXa 
effects of platelets on activation of factor IX by, 140-148 
platelet-bound, functional characterization of, 225-230 
Factor XII (Hageman factor), effects of Cl inhibitor on autoactiva- 
tion of, 239-243 
Factor XIII B, biosynthesis of subunit of, by hepatoma cell lines, 
1272-1279 
Familial severe hemophilia B, deletion of potential EGF domain of 
factor IX gene in, 961—963 
Family donors, HLA-nomdentical, in BMT for aplastic anemia and 
leukemia compared with histocompatible unrelated volunteer 
donors, 1322-1328 
Ferritins, rH and rL, influence of, on CFU-GM and BFU-E, 
1257-1263 
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Fetal erythropoietin (Ep), immunoreactive effects of concentrations 
of, on hypoxia, 892-899 
Fetal y-globin genes, treatment of normal adult erythroid progeni- 
tors with BrdU as model for reactivation of, 1036-1041 
Fetal hemoglobin (HbF), see Hereditary persistence of fetal hemo- 
globin 
Fetal nonerythroid hybrid of x MEL cells, adult Hb produced in, 
1384-1388 
Fetal platelet antigens (and GPIIb/IIIa), determination of, 488— 
492 
FFP (fresh frozen plasma) 1n blood banks, platelet microparticles in, 
307—309 
Fg, see Fibrinogen 
Fibrin, covalent crosslinking of vWF to, 95-101 
Fibrin D-dimer, levels of, as marker of vaso-occlusive crisis and other 
complications of sickle cell disease, 317—319 
Fibrin degradation products, production and characterization of 
MoAb reactive with neoantigenic determinant in, 437-441 
Fibrinogen (Fg) 
conformation of absorbed, and platelet interaction with artificial 
surfaces, 355-362 
platelet aggregation by polymers of, across E domain, 363-371 
Fibrinogen (Fg) degradation products, production and characteriza- 
tion of MoAb reactive with neoantigenic determinant in, 
437-441 
Fibrinogen (Fg) Kyoto (congenital abnormal fibrinogen), molecular 
weight of y-chain vartant in, 703-707 
Fibrinogen (Fg) receptors, expression of, during activation and 
subsequent desensitization of platelets by epinephrine, 1224— 
1231 
Fibroblast colony-forming cells (CFCs), lysis of, by MoAb 6-19 and 
complement, 1196-1200 
Fibroblastoid marrow stromal cells (MFSCs) stimulated by mono- 
cytes to produce multiltneage hematopoietic growth factors, 
530—534 
FL, see Follicular lymphoma 
Flow cytometry 
analysis of GPIIb/IIIa and Glanzmann's thrombasthenia in 
whole blood by, 173-179 
malignant cells in Lennert's lymphoma analyzed by, 426—429 
5‘p-Fluorosulfonylbenzoyl (FSBA), platelet activation induced by 
collagen and inhibited by, as evidence for ADP requirement 
and synergistic influence of PG endoperoxides, 565—570 
FMLP (N-formyl-methionyl-leucyl-phenylalanine), fluorescent 
PMN membrane potential responses to, 611—618 
F-MuLV (Friend murine leukemia virus), cultured preleukemic 
cells from bone marrow of mice infected with, 193—199 
Folate, MTX-resistant ALL cell lines requirements in 586—591 
Follicular (nodular) lymphomas (FL) 
immunologic classification of, 8 
morphology for subdivisions of, 837-845 
N-Formyl-methionyl-leucyl-phenylalanine (FMLP), fluorescent 
PMN membrane potential responses to, 611—618 
(14;14)(q11;q32) translocation in biphenotypic blastic phase of 
CML, 949-953 
French-American-British (FAB) classification 
cytochemistry and immunophenotyping in, of acute leukemia, 
900—905 
immunologic and, of AML, 1355-1362 
Fresh frozen plasma (FFP) in blood banks, platelet microparticles 
in, 307-309 
Friend murine leukemia virus (F-MuLV), cultured preleukemic 
cells from bone marrow of mice infected with, 193—199 
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FSBA (5'-p-fluorosulfonylbenzoyl), platelet activation induced by 
collagen and inhibited by, as evidence for ADP requirement 
and synergistic influence of PG endoperoxides, 565—570 

Fucose-binding lectin, AML progenitor cells characterized by, 43— 
45 


Galactosyltransferase (GT) released from platelets and monocytes, 
167-172 
GALT (gut-associated lymphoid tissue), buffy coat cell and gut 
leukocyte infusions ın recovery of, in murine syngeneic BMT 
model model, 1003-1007 
Gene(s) 
bcr, see. bcr gene rearrangement 
factor IX, deletion of potential EGF domain of, in family with 
severe hemophilia B, 961—963 
globin, see a-Globin gene, 8- and 5-Globin genes; y-Globin gene; 
“y-Globin gene 
Ig, rearrangement of, in AUL, 658-662 
MPO, cloning and espression of, in leukemic cells, 1411-1414 
T cell y-chain, structure of, in lymphoproliferative disorders and 
lymphoma cell lines, 592-594 
T cell receptor, see T cell receptor gene; T cell receptor 6-chain 
gene 
TcR, structure of, in normal and malignant T cells, 327-336 
B-thalassemia, spectrum of, ın China and Southeast Asia, 964— 
966 
See also Oncogene(s) 
Genetics 
correlation between structure and, of light chains of Igs, 603-610 
molecular, in analysis of KM-H2 cell line derived from HD, 
285-292 
of a-thalassemia in blacks, 985 
See also Chromosomal abnormalities, Cytogenetics; DNA 
probes, Gene(s); Karyotype; Phenotype and entries beginning 
with terms. Congenital, Familial, Hereditary and specific 
genetic disorders 
Genomic organization of œ- and B-chaim genes of TcR, 328—329 
Genotypic analysis following BMTs, polymorphic DNA probes in, 
378—385 
Glanzmann's thrombasthenia, analysis of GPIIb/IIIa and, in whole 
blood, by flow cytometry, 173-179 
a-Globin gene, a-thalassemia in blacks and interactions with, 985— 
990 
B- and 6-Globin genes, 18-kb to 23-kb deletion of, in Macedonian 
ó8-thalassemia, 971—974 
*-Globin gene 
fetal, treatment of normal adult erythroid progenitors with BrdU 
as model for reactivation of, 1036-1041 
B?-thalassemia in association with quadruplication of, 1394— 
1397 
4y-Globin gene, British form of HPFH due to single base mutation 
adjacent to SI hypersensitive site 5’ to, 1389-1393 
Globulin, ATG and ALG, biological and immunological character- 
ization of, 712-719 
Glutathione peroxidase (GSHPx), protein and activity of, dependent 
on selenium, 640-645 
Glycogen storage disease type la (GSD-1), infusions of DDAVP for, 
and associated correction of prolonged BT, 180-184 
Glycolipids, endotoxic, bearing mutant Re55 of Salmonella minne- 
sota, platelet activation by, 1015-1023 
Glycoprotein, see entries beginning with terms. Platelet membrane 
glycoprotein 
GM-CSA (granulocyte-macrophage colony-stimulating activity), 
release of, from mononuclear phagocytes induced by IL-1, 
1316-1321 
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GM-CSF, see Granulocyte-macrophage colony-stimulating factor 
GP (glycoprotein), see entries beginning with terms. Platelet mem- 
brane glycoprotein 
Graft(s), see Transplantations 
Graft-versus-host disease (GVHD) 
acute, MTX alone compared with MTX-cyclosporine combina- 
tion in prevention of, in BMTs for severe aplastic anemia, 
119-125 
clonable T cells in T cell-depleted BMT and, 770-773 
Clq-affine monoclonal anti-pan T antibodies preventing, 818— 
824 
Granular lymphocytes, see Large granular lymphocytes 
Granulation, cytoplasmic, in ALL, 406—411 
Granule(s) 
extracellular deposition of eosinophil, major basic protein in 
lymph nodes of patients with Hodgkin's disease, 1250-1254 
neutrophil, heterogeneity among, 541—555 
a-Granule(s), platelet, absence of tubular structures and 1mmunola- 
beling in vWF from, 774—778 
a-Granule proteins, immunochemical localization of, in plastic- 
embedded murine marrow megakarocytes and megakaryo- 
cyte colonies, 696—702 
Granulocyte(s), corticosteroid effects on response of, 830-836 
Granulocyte-macrophage colony-stimulating activity (GM-CSA), 
release of, from mononuclear phagocytes induced by IL-1, 
1316-1321 
Granulocyte-macrophage colony-stimulating factor (GM-CSF) 
autocrine secretion of, in AML, 1178-1181 
IFN-y, enhancing release from PHA-stimulated T4* lympho- 
cytes of activities, stimulating, 1339-1347 
neutrophil phagocytosis enhanced by, 708-711 
produced by Abelson virus-induced tumorigenic mast cell lines, 
1073-1081 
recombinant, effects of, on AML blast cells, 313—316 
Granulomatous disease, chronic, modulation of neutrophil defect by 
severe infection in variant, 914—919 
Growth factors, see specific growth factors 
GSD-1a (glycogen storage disease type la), infusions of DDAVP 
for, and associated correction of prolonged BT, 180-184 
GSHP x (glutathione peroxidase), protein and activity of, depen- 
dent on selenium, 640-645 
GT (galactosyltransferase) released from platelets and monocytes, 
167-172 
Gut-associated lymphoid tissue (GALT), buffy coat cell and gut 
leukocyte infusions in recovery of, in murine syngeneic BMT 
model, 1003-1007 
GVD, see Graft-versus-host disease 


Hageman factor (HF; factor XII), effects of Cl inhibitor on autoac- 
tivation of, 239-243 
Hairy cell leukemia (HCL, leukemic reticuloendotheliosis) 
c-myc and c-fos expression during IFNa therapy for, 967-970 
dCF for, see Deoxycoformycin 
immunologic classification of, 11 
rIFNa therapy for, 293—296, 492—497 
Hairy cell leukemia (HCL) cells, antigen common to CLL and, 
62-68 
Half-life of platelets in MM, 514-520 
Hb, see Hemoglobin and specific hemoglobins 
HCCH (hexachlorocyclohexanes), stimulation of Oz production 
and calcium release by, in PMNs, 535-540 
HCL, see Hairy cell leukemia 
HD, see Hodgkin’s disease 
Heinz body, quantitative relationship between formation of, and 
RBC deformability, 1376-1383 
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Helper/inducer T cells, LEL as monoclonal proliferation of, 663— 
667 
Helper surface phenotype, T cells with mature, in LEL, 426—429 
Helper thymocytes isolated by CCE, 787-789 
Hematologic malignancies 
rearrangement of TcR gene in, 330—331 
See also specific hematologic malignancies 
Hematoporesis 
active radiation-sensitive inhibitor of, in SI and SI murine mar- 
row stroma, 1201-1026 
in AML, 1186 
effects of IL-3 on murine, 46—57 
thymic regulation of, 787-789 
Hematoporetic cells, see Hematoporetic stem cells; Normal hemato- 
poietic cells 
Hematopoietic differentiation antigens, subpopulations of lymphoid 
cells positive to CALLA identified by, 417—425 
Hematopoietic growth factors 
BM stromal cells in MBMC and LBMC supporting multiple 
hematopoietic cells and modulating their production of, 
1348-1354 
multilineage, see Multilineage hematopoietic growth factors 
Hematoporetic stem cells 
expression of GPIIb/IIa antigens on, 762—769 
normal, in AML, 1185-1186 
Hematocrit, pretreatment, as prognostic variable in HD, 562-564 
Hemoglobin (Hb) 
concentration of, in individual red cells, 506—513 
adult, produced 1n fetal nonerythroid x MEL cell hybrids, 
1384-1388 
fetal, see Hereditary persistence of fetal hemoglobin 
Hemoglobin AS (sickle cell trait), -thalassemia and, 986 
Hemoglobin (Hb) Kàln analyzed by DNA probes, 1175-1177 
Hemoglobin SS (HbSS), see Sickle cell disease 
Hemolytic anemia, immune, Rh blood group-specific antibodies in, 
induced by nomifensine, 1285-1288 
Hemophilia, effects of danazol on need for clotting factor infusions 
in, 573-679 


Hemophilia B, severe, intragenic deletion of potential EGF domain 
in factor IX gene in family with, 961-963 


HEMPAS (cogenital dyserythropoietic anemia type II), anomalous 
clustering of underglycosylated band 3 in erythrocytes and 
their precursor cells in, 521—529 

Hepatoma cell lines, factor XIII B biosynthesis by, 1272-1279 

Hereditary persistence of fetal hemoglobin (HPFH) 

British form of, due to single base mutation adjacent to S] 
hypersensitive site 5’ to the “y-globin gene, 1389-1393 
Italian type of deletional, 646—651 

Hexachlorocyclohexanes (HCCH), stimulation of Oz production 
and calcium release by, in PMNs, 535-540 

HF (Hageman factor; factor XII), effects of Cl inhibitor on autoac- 
tivation of, 239-243 

High molecular weight kininogen (HMWK), MoAbs in detection of 
plasma, 455-462 

Histiocytic lymphoma cells, MoAbs against SU-DHL-1 cells stain- 
ing, 213-219 

Histocompatible unrelated volunteer donors, HLA-nonidentical 
family donors in BMT for aplastic anemia and leukemia 
compared with, 1322-1328 

HLA antigens, platelet surface, analyzed with W6/32 anti-HLA 
MoAb, 627-632 

HLA-DR, invariant chain associated with, expressed in CLL, 371— 
377 
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HLA-nonidentical family donors in BMT for aplastic anemia and 
leukemia compared with histocompatible unrelated volunteer 
donors, 1322-1328 

HL-60 cell line (promyelocytic cell line) 

modulation of expression of MO3e antigen on, stimulated by 
pharmacologic activators of protein kinase C, 1154—1161 

subcellar organelles of, in study of myeloid lysosomal enzyme 
synthesis and processing, 442-449 

synthesis of eosinophil-associated enzymes in, 185—192 

HL-60 differentiation 

effects of dbcAMP on expression of c-myc during, 412-416 

hyposialylation of cells resistant to, 1402-1406 

HMWEK (high molecular weight kininogen), MoAbs in detection of 
plasma, 455-462 

Hodgkin's disease (HD) 

cytochemical, immunologic, chromosomal, and molecular genetic 
analysis of KM-H2 cell line derived from, 285—292 

extracellular deposition of eosinophil granule major basic protein 
in lymph nodes of patients with, 1250-1254 

1mmunologic classification of, 13-14 

MoAbs against SU-DHL-1 cells stain malignant cells in, 213— 
219 

pretreatment hematocrit as prognosis variable in, 562-564 

TcR gene rearrangement in, 332 

Homozygous fully mismatched donors, antilymphocytic antibodies 
to prevent GVHD in BMT with, 818—824 

HPFH, see Hereditary persistence of fetal hemoglobin 

HTLV/III (human T lymphotropic virus type IIT) infections of 
alveolar macrophages, 281—284 

Hyperlipoproteinemia, type II, thrombin binding and response to 
platelets from patients with, 498—505 

Hyposialylation of differentiation-inducer—resistant HL-60 cells, 
1402-1406 

Hypoxia, effects of fetal and neonatal concentrations of immunore- 
active erythropoietin on, 892-899 


Idiotypes, antibodies to shared, in analysis and therapy of B cell 
malignancies, 430-436 
IFN (interferon), see Interferon-a 
Ig, see Immunoglobulin; Immunoglobulin G: Immunoglobulin gene 
IHA (immune hemolytic anemia), Rh blood group-specific antibod- 
ies in, induced by nomifensine, 1285-1288 
IL, see Interleukin-1, Interleukin-2; Interleukin-3 
Immune hemolytic anemia (IHA), Rh blood group-specific antibod- 
ies in, induced by nomifensine, 1285-1288 
Immunity 
in hemophilia, effects of danazol on, 673-679 
iron deficiency and, 803-805 
Immunoblastic large cell lymphomas, immunologic classification of, 
8-9 
Immunoblotting, detection of HMWK in plasma by, with MoAbs, 
455-462 
Immunochemistry in localization of membrane and a-granule pro- 
teins in plastic-embedded murine marrow megakaryocytes 
and megakaryocyte colonies, 696—702 
Immunocompetency 
and functional and immunologic protein S levels in pregnancy, 
881-885 
of recipient T cells, and intensive conditioning for BMT, 954- 
956 
Immunoglobulin (Ig) 
in classification of leukemia and lymphoma, 5-6 
structural-genetic correlates of light chains of, 603-610 
Immunoglobulin G (IgG), CMV-specific lymphocyte proliferation 
and in vitro synthesis of CMV, in diagnosis of CMV infec- 
tions after BMTs, 108—112 
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Immunoglobulin (Ig) gene, rearrangement of, in AUL, 658-662 
Immunologic analysis 
of ALG and ATG, 712-719 
of KM-H2 cell line derived from HD, 285-292 
Immunologic classification of leukemia and lymphoma, I-31 
Immunologic crossreactivity of vitronectin and S-protein, 737—742 
Immunology 
and T101 in T cell malignancies, 752-761 
See also entries beginning with term: Immunologic and element. 
Immuno- 
Immunophenotyping 
classification of AML by, 1355-1362 
and FAB classification of acute leukemia, 900-905 
Immunoreactive erythropoietin (Ep; EPO), effects of fetal and 
neonatal concentrations of, on hypoxia, 892-899 
Infant acute lymphoblastic leukemia (ALL), MoAb phenotyping to 
detect B cell origin of, 975-978 
Infections 
increased mortality from, due to component of ABS, 351-354 
iron deficiency and, 803-805 
modulation of neutrophil defect by severe, in variant CGD, 
914-919 
See also specific infections and infectious agents 
Interferon-« (IFNa) 
for HCL, c-myc and c-fos expression during, 967—970 
See also Recombinant a-interferon; Recombinant «-A interferon 
Interferon-y (IFNy), release from PHA-stimulated T4* lympho- 
cytes of activities stimulating GM-CSF, erythroid, and mul- 
tipotential progenitor cells, 1339-1347 
Interleukin-1 (22-K factor; IL-1) induces release of GM-CSA from 
mononuclear phagocytes, 1316-1321 
Interleukin-2 (IL-2) 
autocrine growth of ATL cells producing, 779—782 
CFCs in T-ALL and T-NHL dependent on, 1088-1094 
cytotoxicity of lymphocytes activated by, for leukemia and lym- 
phoma cells, 938-948 
recombinant, see Recombinant interleukin-2 
Interleukin-3 (multipotential colony-stimulating factor; IL-3) 
and direct activators of PKC stimulate phosphorylation of sub- 
strates, 906-913 
murine, effects of bacterially synthesized, on hematopoiesis in 
normal adult mice, 46—57 
Intracellular enzymes in leukemia and lymphoma classification, 6 
Intracellular retention and accumulation of DNR in ANLL blast 
cells, effects of verapamil on, 83-88 
Inv(16) (chromosomal rearrangement), prognosis of AMMoL with, 
1242-1246 
Iron 
nonrandom distribution of, in circulating transferrin, 157-161 
sufficiency of, in US population, 726-731 
Iron deficiency, 803-809 
immunity and, 803-805 
and low work performance, 805-806 
neurological function and, 806—808 
Isoferritins, acidic, negative regulatory effects of, reversed by dCyd, 
1136-1141 


Kaolin clotting time, diagnosis of lupus anticoagulants with, 472— 
473 

Karyotype, shifts in childhood ALL blast cell, at relapse, 1306— 
1310 

KG! and KGla myeloid cell lines, molecular phenotypes in, 1101— 
1107 

Kinase, see Protein kinase C 

Kininogen, high molecular weight, MoAbs in detection of plasma, 
455-462 
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Ki-1 lymphoma, childhood, presenting with skin lesions and periph- 
eral adenopathy, 1042-1049 

KM-H^2 (cell line), cytochemical, immunologic, chromosomal, and 
molecular genetic analysis of, derived from HD, 285—292 


Large cell lymphomas, diffuse and 1mmunoblastic, immunologic 
classification of, 8—9 
Large granular lymphocytes (LGL) 
adult-onset cyclic neutropenia and, 1082-1087 
cytotoxic functions of, and lymphokines released by, in patients 
with expanded LGL population, 1095-1101 
heterogeneity of proliferations of, 1142-1153 
malignant clonal expansion of, with A Leu-11+, Leu-7— surface 
phenotype, 1065-1073 
and resistance to grafts of marrow from DLA-nonidentical 
donors, 861—868 
Laser light scattering, volume and Hb concentration of individual 
red cells measured by, 506—513 
LAV (lymphadenopathy-associated virus), primary infection with, 
in multitransfused patients, 89-94 
LBMC (lymphoid bone marrow cultures), long-term, supporting 
multiple hematopoietic cells and modulating their production 
of hematopoietic growth factors, 1348-1354 
Lectin, fucose-binding, AML progenitor cells characterized by, 
41-45 
LEL, see Lennert’s lymphoma 
Lennert’s lymphoma (lymphoepitheloid lymphoma; LEL) 
as monoclonal proliferation of helper-inducer T cells, 663-667 
T cells with mature helper surface phenotype in, 426—429 
TcR gene rearrangement in, 332 
Lesions, skin, childhood Ki-1 lymphoma presenting with peripheral 
adenopathy and, 1042-1049 
Leu-11* T-cell chronic lymphocytic leukemia with partially actı- 
vated NK functions and further activation by rIL-2, 846— 
852 
Leukemia 
growth and development following BMT for, 1129-1135 
HLA-nonidentical family donors in BMT for, compared with 
histocompatible unrelated volunteer donors, 1322-1328 
immunologic classification of, 1—31 
p53 expression in, 113-118 
See also specific types of leukemia 
Leukemia-associated antigens in classification of leukemia and 
lymphoma, 5 
Leukemia virus, see Murine leukemia virus 
Leukemic cells 
autocrine growth of, producing IL-2 in ATL, 779-782 
cloning of MPO gene and its expression in, 1411-1414 
cytotoxicity of IL-2-activated lymphocytes for, 938-948 
T cell-derived DIF inhibits proliferation of, 1333-1338 
See also specific types of leukemic cells 
Leukemic myeloid cells 
markers of, 3-5 
treated with MoAbs for autologous BMT in AML, 1311-1315 
stimulated proliferation of, 790—793 
Leukemic reticuloendotheliosis, see Hairy cell leukemia 
Leukocytes 
BM, erythropoietic growth factor release from, augmented by 
L-T3, 1289-1297 
GALT recovery with infusions of gut, in murine syngeneic BMT, 
1003-1007 
See also specific types of leukocytes 
L4F3 (antigen), unipotent colony-forming cells and CFU-GM 
expressing, 1030-1035 
Light chains, Ig, structural-genetic correlates of, 603-610 
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Liposomes, phosphatidylserine, spectrin interaction with, 920-926 
Long-term bone marrow cultures (LTBMC), myeloid and lymphoid, 
supporting multiple hematopoietic cells and modulating their 
production of hematopoietic growth factors, 1348-1354 
Low-dose aspirin in diabetic angiopathy, 886-891 
Low-dose deoxycoformycin (def) for HCL, 1119-1122 
LTBMC (long-term bone marrow cultures), myeloid and lymphoid, 
supporting multiple hematopoietic cells and modulating their 
production of hematopoietic growth factors, 1348-1354 
L-T3 (L-triiodothyronine), erythropoietic growth factor release 
from peripheral blood and BM leukocytes augmented by, 
1289-1297 
Lupus anticoagulants 
diagnosis of, with kaolin clotting time using rabbit brain phospho- 
lipid, 472-478 
dilute Russell viper venom time in diagnosis of, 869-874 
Lymph nodes 
extracellular deposition of eosinophil granule major basic protein 
in, of patients with Hodgkin’s disease, 1250-1254 
TcR gene rearrangement in proliferative diseases of, 330-331 
Lymphadenopathy, angioimmunoblastic, TcR gene rearrangement 
in, 332-333 
Lymphadenopathy-associated virus (LAV), primary infections with, 
1n multitransfused patients, 89-94 
Lymphoblastic (and lymphocytic) leukemia, see Acute lymphoblas- 
tic (and lymphocytic) leukemia; Chronic lymphoblastic (and 
lymphocytic) leukemia 
Lymphoblastic (and lymphocytic) lymphomas, 1mmunologic classi- 
fication of, 8—9 
Lymphoblastic neoplasms, precursor T, 3A1(CD7) expression pre- 
ceding rearrangement of T cell receptor f-chain gene in, 
134-139 
Lymphocytes 
CMV-specific proliferation of, and in vitro CMV IgG synthesis in 
diagnosis of CMV infections after BMTs, 108-112 
cytotoxicity of IL-2-activated, for leukemia and lymphoma cells, 
938-948 
detection of TdT in, stimulated by PHA, 310—312 
enhanced proliferation of marrow BFU-E due to PGE requiring 
participation of OKT8-positive, 126-133 
inhibition of PGE,, restoring defective proliferation of, and cell- 
mediated lympholysis in allogeneic BMTs, 102-107 
large granular, see Large granular lymphocytes 
morphology of, in WAS, 1329-1332 
normal, antigen common to CLL and HCL cells and not shared 
by, 62-68 
See also B cell(s); T cell(s) 
Lymphocytosis, T8 or T4, TcR gene rearrangement in, 332 
Lymphoepitheloid lymphoma, see Lennert’s lymphoma 
Lymphoid bone marrow cultures (LBMC), long-term, supporting 
multiple hematopoietic cells and modulating their production 
of hematopoietic growth factors, 1348-1354 
Lymphoid cells, subpopulations of, positive to CALLA and identi- 
fied by hematopoietic differentiation antigens, 417—425 
Lymphoid leukemias, classification of, 6-11, 13-14 
Lymphoid malignancies 
correlates of cellular differentiation with, 11-13 
See also specific types of lymphoid malignancies 
Lymphoid tissue, gut-associated, buffy coat cell and gut leukocyte 
infusions in recovery of, in murine syngeneic BMT model, 
1003-1007 
Lymphokines 
released by LGLs from patients with expanded LGL population, 
1095-1101 
from T cell subpopulations supporting CFU-GEMM and CFU-M 
formation, 991—995 
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Lympholysis, cell-mediated, inhibition of PGE, restoring, in allo- 
geneic BMTs, 102-107 
Lymphoma 
childhood Ki-1, presenting with skin lesions and peripheral ade- 
nopathy, 1042-1049 
follicular, see Follicular lymphoma 
immunologic classification of, 1-31 ~ 
Lennert's see Lennert's lymphoma 
non-Hodgkin's, see Non-Hodgkin's lymphoma 
p53 expression 1n, 113-118 
T cell, see T cell lymphoma 
See also Hodgkin's disease 
Lymphoma cells and cell lines 
cytotoxicity of IL-2-activated lymphocytes for, 938-948 
histiocytic, MoAbs against SU-DHL-1 cells staining, 213-219 
structure of T cell y-chain gene in, 592-594 
Lymphoproliferative disorders 
structure of T cell y-chain in, 592-594 
Ty, tmmunologic classification of, 9 
Lysine, and proteolysis of GPIb by plasmin facilitated by plasmin 
lysine binding regions, 1280-1284 
Lysis 
of fibroblast CFCs and endothelial cells by MoAb 6-19 and 
complement, 1196-1200 
role of plasminogen activator inhibitors in, dependent on protein 
C, 1218-1223 
See also Cytolysis; Lympholysis, Photolysis; Proteolysis 
Lysosomal enzyme, myeloid, synthesis and processing of, 442-449 


Macedonian óf-thalassemia, 18- to 23-kb ô- and 6-globin gene 
deletion in, 971—974 
Macrophage(s) (MQ) 
HTLV/III infections of alveolar, 281—284 
1mmunologic classification of malignant disorders of, 14 
Macrophage colony-stimulating factor-1 (CSF-1), inducible pro- 
duction of, 633-639 
Major histocompatibility complex (MHC) class II antigens, 
enhanced proliferation of marrow BFU-E by PGE requiring 
association with density expression of, 126-133 
Malignant cells 
responsive to recombinant IL-2, 1065-1073 
See also Tumor cell cytolysis; Tumorigenic mast cells and specific 
types of malignant cells 
Malignant clonal expansion of LGLs with A Leu-11-4, Leu-7— 
surface phenotype, 1065-1073 
Malignant disorders 
of macrophages, immunologic classification of, 14 
TcR gene involvement in development of, 333 
See also specific types of malignant disorders 
Malignant histiocytic cells, MoAbs against SU-DHL-1 cells stain, 
213-219 
Malignant lymphomas, 1mmunologic classification of, 8—9 
Malignant T cells, structure of TcR genes in, 327-336 
Marker(s) 
CA as, for erythroid phenotype in ANLL, 304—306 
1n classification of leukemia and lymphoma, 1-3, 6 
fibrin D-dimer level as, of vaso-occlusive crisis and other compli- 
cations of sickle cell disease, 317—319 
neutrophil membrane, two groups of CML revealed by, 343-346 
See also Surface markers 
Marrow, see Bone marrow 
Mast cells, Abelson virus-induced tumorigenic GM-CSF production 
by, 1073-1081 
MBMC (myeloid bone marrow cultures), long-term, supporting 
multiple hematopoietic cells and modulating their production 
of hematopoietic growth factors, 1348-1354 
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Megakaryocyte(s) 
cell-mediated suppression of, in AATP, 619-626 
plastic-embedded murine marrow, membrane and o-granule pro- 
teins in, 696—702 
Megakaryocytic colony formation (CFU-M), lymphokine from T 
cell subpopulations supporting formation of, 991-995 
MEL cells, see Murine erythroleukemia cells; Murine erythroleu- 
kemia x cells 
Membrane markers, neutrophil, two groups of CML revealed by, 
343-346 
Membrane potential 
fluorescent PMN, long-term stability of responses of, to FMLP, 
611-618 
platelet, repolarization of, after complement damage, 556—561 
Membrane proteins, immunochemical localization of, in plastic- 
embedded murine marrow megakaryocytes and megakaryo- 
cyte colonies, 696—702 
Metabolism of Ara-C by blast cells from patients with ANLL, 
76-82 
Methotrexate (MTX) 
folate requirements of ALL cells resistant to, 586—591 
MTX-cyclosporine combination compared with, in prevention of 
acute GVHD in BMT for severe aplastic anemia, 119—125 
MESCs (fibroblastoid marrow stromal cells) stimulated by mono- 
cytes to produce multilineage hematopoietic growth factors, 
530-534 
8-Migrating plasminogen activator inhibitor, denaturant-induced 
stimulation of, in endothelial cells and serum, 1298-1305 
Mismatched donors, homozygous, antilymphocytic antibodies to 
prevent GVHD in BMT with, 818—824 
Mixed small and large cell malignant lymphomas, diffuse, immuno- 
logic classification of, 8 
MM (multiple myeloma), platelet half-life 1n, 514—520 
MJ, see Macrophage(s) 
MoAbs, see Monoclonal antibodies 
Molecular genetics 1n analysis of KM-H2 cell line derived from, 
285—292 
Molecular phenotypes of KGl and KGla myeloid cell lines, 1101— 
1107 
Molecular wet ght 
of y-chain variant in congenital abnormal Fg, 703—707 
MoAbs m detection of plasma HMWK, 455—462 
platelet membrane protein of low, associated with platelet activa- 
tion following binding by Ag-1, 743—751 
Monoclonal antibodies (MoAbs) 
AG-1, platelet membrane protein of low molecular weight asso- 
ciated with platelet activation following binding by, 743-751 
Clq-affine anti-pan T, BMT recipient conditioning with, to 
prevent GVHD, 818-824 
detection of HMWK in plasma by immunoblotting with, 455— 
462 
to GPIIb/IIIa receptor, antithrombotic effect of, 783—786 
myeloid cell-specific, marrow treated with, for BMT in AML, 
1311-1315 
OKTS, PGE-enhanced proliferation of marrow BFU-E requiring 
participation of, 126-133 - 
phenotyping with, in detection of B cell origin of ALL in infants, 
975-978 
production and characterization of, reactive with neoantigenic 
determinant in fibrin and Fg degradation products, 437—441 
6-19, lysis of fibroblast CFCs and endothelial cells by, 1196— 
1200 
subclassification of AML by, according to differentiation- 
associated phenotypes, 16 
against SU-DHL-1 cells stain malignant cells in histiocytic lym- 
phoma, malignant histiocytosis, and HD, 213-219 
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Monoclonal antibodies (MoAbs) (Continued) 
as therapy in leukemias and lymphomas, 18-19 
1101, in T cell malignancies, 752—761 
W6/32 anti-HLA, platelet surface HLA analyzed with, 627-632 
Monoclonal proliferation of helper-inducer T cells, LEL as, 663— 
667 
Monocyte(s) 
fibroblastoid BM stromal cells stimulated by, to produce multi- 
lineage hematopoietic growth factors, 530-534 
GT release from167-172 
Monocyte-nonspecific esterase, purification and subunit structure 
of, 479-487 
Mononuclear phagocytes, IL-1 induces release of GM-CSA from, 
1316-1321 
Morphologic distortion of sickle cells, association between deoxygen- 
ation-induced cation permeability increase and, 450-454 
Morphology 
of ALL with unusual cytoplasmic granulation, 406—411 
of lymphocytes in WAS, 1329-1332 
for subdivisions of follicular lymphomas, 837-845 
Mortality, increased infection, due to ABS component, 351-354 
MO3e (antigen), modulation of expression of, on U-937 and HL-60 
cells stimulated by pharmacologic activators of protein 
kinase C, 1154-1160 
MPO (myeloperoxidase) gene, cloning and expression of, in leu- 
kemic cells, 1411-1414 
MTX, see Methotrexate 
Multi-CSF (multipotential colony-stimulating factor), see Interleu- 
kin-3 
Multilineage colony formation (CFU-GEMM), lymphokine from T 
cell subpopulations supporting formation of, 991-995 
Multilineage hematopoietic growth factor, see Interleukin-3; Multi- 
ple hematopoietic growth factors 
Multimers, plasma vWF, in vWD, 149—156, 269-274, 668-672 
Multiple hematopoietic growth factors 
BM stromal cells in LBMC and MBMC supporting multiple 
hematopoietic cells and modulating their production of, 
1348-1354 
MFSCs stimulated by monocytes to produce, 530-534 
See also Interkeukin-3 
Multiple myeloma (MM), platelet half-life in, 514-520 
Multipotent colony-forming cells, L4F3 antigen expressed by, 1030— 
1035 
Multipotential colony-stimulating factor (multi-CSF), see Interleu- 
kin-3 
Multipotential progenitor cells, IFN enhancing release from PHA- 
stimulated T4* lymphocytes of activities stimulating, 1339— 
1347 
Multitransfused patients, natural history of primary infection with 
LAV 1n, 89-94 
MuLV, see Murine leukemia virus 
Murine erythroleukemia (MEL) cells, purification of murine Ep 
produced 1n serum-free cultures of, 258-262 
Murine erythroleukemia (MEL) x cells, adult Hb produced in fetal 
nonerythroid hybrids of, 1384-1388 
Murine leukemia virus (MuLV) 
Abelson, GM-CSF production by tumorigenic mast cells induced 
by, 1073-1081 
Friend, cultured preleukemic cells from. bone marrow of mice 
infected with, 193-199 
Murine marrow megakaryocytes, plastic-embedded, membrane and 
a-granule proteins in, 696—702 , 
Murine marrow stroma, Sl and SI, active radiation-sensitive inhibi- 
tor of hematopoiesis in, 1201—1206 
Murine multipotential colony-stimulating factor (multi-CSF; IL-3), 
effects of, on hematopoiesis ın normal adult mice, 46-57 
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Murine syngeneic bone marrow transplantations (BMT), buffy coat 
cell and gut leukocyte infusions in GALT recovery in, 
1003-1007 

Mutations, see specific mutations 

Mycosis fungoides (cutaneous T cell leukemia; Sézary cell leuke- 
mia), immunologic classification of, 9-10 

Myeloblastic (and myelocytic) leukemia, see Acute myeloblastic 
(and myelocytic) leukemia; Chronic myeloblastic (and my- 
elocytic) leukemia 

Myeloid bone marrow cultures (MBMC), long-term, supporting 
multiple hematopoietic cells and modulating their production 
of hematopoietic growth factors, 1348-1354 

Myeloid cells and cell lines 

KG] and KGla, molecular phenotyes of, 1101-1107 

leukemic, see Leukemic myeloid cells 
Myeloid lysosomal enzyme, synthesis and processing of, 442—449 
Myeloid progenitors (CFU-GM) 

influence of rHF and rLF on, 1257-1263 

normal, growth of, stimulated by dCyd, 1136-1141 
Myeloma 

immunologic classification of, 11 

multiple, platelet half-life in, 514—520 

Myelomonocytic leukemia, acute, prognosis of, with abnormal eo- 
sinophils and inv(16) or t(16;16),1242-1249 

Myeloperoxidase (MPO) gene, cloning and expression of, in leu- 
kemic cells, 1411-1414 

Myeloproliferative syndrome, subunit composition of plasma vWF 
in, 1213-1217 


Natural killer (NK) cells 
activated by rIFN-a in HCL, 293-296 
activated by rIL-2, in Leu 11* Ty-CLL, 846-852 
Neoantigenic determinant in fibrin and Fg degradation products, 
production and characterization of MoAbs reactive with, 
437-441 
Neonates 
effects of concentrations of immunoreactive Ep in, on hypoxia, 
892-899 
heterogeneity of PMNs in, 200-204 
Neoplasms, see entries beginning with term. Malignant and specific 
neoplasms 
Neuroblastoma cells, dye-mediated photolysis of, and its implica- 
tions for autologous BMTs, 32-36 
Neurological function, and iron deficiency, 806-808 
Neutropenia, adult-onset cyclic, LGLs and, 1082-1087 
Neutrophil(s) 
calcium- and phospholipid-dependent PKC ın secretion of, 810- 
817 
decreased migration of, due to ABS component, 35 1-354 
HCCH stimulating O57 production and calcium release in, 535— 
540 i ' 
heterogeneity of, 200—204, 611—618 
modulation 'of defective, by severe inira in variant CGD, 
914-919 
phagocytosis by, enhanced by GM-CSF, 708-711 
purification and functional evaluation of mature, from bone 
marrow, 853—860 
purified CSFs enhancing survival of, 162-166 
Neutrophil granules, heterogeneity among, 541—555 
Neutrophil membrane marker, two groups of CML. revealed by, 
343-346 
Neutrophil membrane potential, response of fluorescent, to FMLP, 
611-618 
NHL, see Non-Hodgkin’s lymphoma 
9,22 translocation, frequent and extensive deletion during, in CML, 
1123-1128 
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NK cells, see Natural killer cells 
Nodular lymphoma, see Follicular lymphoma 
Nomifensine, Rh blood group-specific antibodies in IHA induced 
by, 1285-1288 
Non-B, non-T acute lymphoblastic leukemia (ALL), TcR gene 
rearrangement in, 332 
Noncleaved cell lymphoma, small, immunologic classification of, 9 
Nonerythroid hybrid fetal x MEL cells, adult Hb produced in, 
1384-1388 
Non-Hodgkin’s lymphoma (NHL) 
B cell type, TcR gene rearrangement in, 332 
immunologic classification of, 8 
T-, CFCs in, retain dependence on IL-2, 1088-1094 
Nonidentical donors 
family HLA-, in BMT for aplastic anemia and leukemia, 1322- 
1329 
unrelated DLA-, LGLs and resistance to BMT with, 861-868 
Nonlymphoblastic leukemia, see Acute nonlymphoblastic (and non- 
lymphocytic) leukemia 
Non-lymphoid leukemias and lymphomas, immunologic classifica- 
tion of, 13-18 
Nonsplehectomized patients, response of dCF after failure of IFN- 
a-2a in, with HCL, 297-300 
Normal adult erythroid progenitors treated with BrdU, as model for 
reactivation of fetal y-globin genes, 1036-1041 
Normal adult mice, effects of bacterially synthesized murine IL-3 on 
hematopoiesis in, 46-57 
Normal bone marrow, subpopulations of lymphoid cells positive to 
CALLA n, identified by hematopoietic differentiation anti- 
gens, 417-425 
Normal hematopoietic stem cells 
in AML, 1185-1186 
T cell-derived DIF inhibits proliferation of leukemic and, 1333- 
1338 
Normal lymphocytes, antigen common to CLL and HCL cells and 
not shared by, 62-68 
Normal platelets, plasminogen activation by TPA on, 275-280 
Normal T cells, structure of TcR genes in, 327-336 . 
Nucleotides, mechanism for decreased concentration of, in PK- 
deficient RBCs, 1024-1029 


O7 (superoxide), HCCH stimulating production of, in PMNs, 
535-540 
OKT8 (monoclonal antibody)-positive lymphocytes, PGE-enhanced 
proliferation of marrow BFU-E requiring participation of, 
126-133 
Oncogene(s) 
c-abl, bcr gene rearrangement and translocation of, in Philadel- 
phia positive ALL, 1369-1375 
c-fos, expression of, during IFNa therapy for HCL, 967-970 
c-myc, see: c-myc 
Organelles, HL-60 cell line, in study of myeloid lysosomal enzyme 
Synthesis and processing, 442—449 
Outcome 
of adult AML, surface marker analysis to predict, 1232-1241 
See also Prognosis 


Painful crisis, sickle cell disease, percentage of dense red cells as 
predictor of incidence of, 301—303 

Pathophysiology of PTP, 347—350 

PC (protein C), role of plasminogen activator inhibitors in clot lysis 
dependent on, 1218-1223 

P colonies (persisting colonies), growth of, in agar cultures by sera of 
patients with CML and AML, 37-40 
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Peptide defensins, tumor cell cytolysis mediated by granulocyte, 
1407-1410 
Peptide receptors, chemotactic, corticosteroid effects on binding and 
down-regulation of, 830-836 
Peripheral adenopathy, childhood Ki-1 lymphoma presenting with 
skin lesions and, 1042-1049 
Peripheral blood, erythropoietic growth factor release from, aug- 
mented by L-T3, 1289-1297 
Peripheral T cell lymphoma, immunologic classification of, 9 
Peroxidase, glutathione, protein and activity of, dependent on sele- 
nium, 640-645 
Persisting (P) colonies, growth of, in agar cultures by sera of patients 
with CML and AML, 37-40 
p53 (protein), expression of, in leukemia and lymphoma, 113-118 
PG, see entries beginning with term: Prostaglandin 
Ph! (Philadelphia) negative chronic myelocytic leukemia (CML), 
ber gene rearrangement in, 957—960 
Ph! (Philadelphia) positive acute lymphoblastic leukemia (ALL), 
ber rearrangement and translocation of c-abl oncogene tn, 
1369-1375 
PHA, see Phytohemagglutinin 
Phagocytes, mononuclear, IL-1 induces release of GM-CSA from, 
1316-1321 
Phagocytosis, GM-CSF enhancing neutrophil, 708—711 
Pharmacokinetics of T101 in T cell malignancies, 752-761 
Pharmacologic activators of protein kinase C, and modulation of 
Mo3e antigen expression on U-937 and HL-60 cells, 1154— 
1161 
Phenotype 
childhood ALL blast cell, shifts in, at relapse, 1306-1310 
of early erythroblastic leukemia, 1167-1174 
erythroid, CA as marker for, in ANLL, 304—306 
molecular, in KGI and KGla myeloid cell lines, 1101-1107 
monoclonal antibody, in detection of B cell origin of ALL in 
infants, 975-978 
surface, see Surface phenotypes 
Ty-CLL with Leu*, IL-2 in activation of NK cells in, 846-852 
See also Immunophenotyping 
Philadelphia (Ph!) negative chronic myeloblastic leukemia (CML), 
ber gene rearrangement in, 957—960 
Philadelphia (Ph!) positive acute lymphoblastic leukemia (ALL) bcr 
Bene rearrangement and translocation of c-ab/ oncogene in, 
1369-1375 
Phosphatidylserine liposomes, spectrin interaction with, 920-926 
Phospholipids 
diagnosis of lupus anticoagulants with kaolin clotting time using, 
472-478 
PKC dependent on calcium and, in secretion of neutrophils, 
810-817 
Phosphoribosylpyrophosphate (PRPP) synthetase, decrease in sub- 
unit of, 1024—1029 
Phosphorylation of common substrates stimulated by IL-3 and PKC 
activators, 906—913 
Photolysis, dye-mediated, of neuroblastoma cells and its implications 
for autologous BMTs, 32-36 
Physical properties of isolated fractions of neutrophil granules, 
541-555 
Phytohemagglutinin (PHA) 
detection of TdT in lymphocytes stimulated by, 310-312 
T4* lymphocytes stimulated by, IFNo enhancing release from, of 
activities stimulating GM-CSF, erythroid, and multipoten- 
tial progenitor cells, 1339-1347 
PK (pyruvate kinase), mechanisms for decreased nucleotide concen- 
trations in RBCs deficient in, 1024-1029 
PKC, see Protein kinase C 
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PL (prolymphocytic leukemia), immunologic classification of, 10— 
11 
Plasma 
detection of HMWK in, by ımmunoblotting wıth MoAbs, 455- 
462 
fresh frozen, in blood banks, platelet microparticles in, 307—309 
Plasma factor VIII and IX, effects of danazol on levels of, 673-679 
Plasma von Willebrand factor (VWF) 
multimers of, in vWD, 149—156, 269—274, 668-672 
subunit composition of, in myeloproliferative syndrome, 1213— 
1217 
Plasmin lysine binding regions, proteolysis of GPIb by plasmin 
facilitated by, 1280-1284 
Plasminogen, activation of, by TPA on normal and thrombasthenic 
platelets, 275—280 
Plasminogen activator inhibitor 
fi-migrating, denaturant-induced stimulation of, in endothelial 
cells and serum, 1298-1305 
role of, in clot lysis dependent on protein C, 1218—1223 
Platelet(s) 
adhesion of, to subendothelium, see Subendothelium 
conformation of adsorbed Fg and interaction of, with artificial 
surfaces, 355-362 
effects of, on activation of factor IX by factor XIa, 140-148 
functional characterization of factor XIa bound to, 225-230 
GT release from, 167-172 
half-life of, in MM, 514—520 
localization of factor V in, 244-249 
from patients with dyslipoprotemnemia, thrombin binding and 
response in, 498—505 
relationship between density and age of, 386-393 
ristocetin in collagen interaction with, 927—937 
Platelet aggregation and activation 
effects of plasminogen activation by TPA on normal and throm- 
basthenic, 275—280 
by endotoxic glycolipid-bearing mutant Re595 of Salmonella 
minnesota, 1015-1023 
expression of fibrinogen receptors during, and subsequent desensi- 
tization by epinephrine, 1224-1231 
by fibrinogen polymers crosslinked across E domain, 363-371 
Increased ristocetin-induced, in type I, New York vWD, 149-156 
induced by collagen and inhibited by FSBA, 565-570 
Platelet antigens, fetal, 488—492 
Platelet a-granules from vWD, 774—778 
Platelet membrane 
dibucaine effects on, 463-471 
microparticles of, in FFP and cryoprecipitate, 307—309 
Platelet membrane glycoprotein la (GPIa), deficiency in, and 
decreased platelet adhesion to subendothelium, 692-695 
Platelet membrane glycoprotein Ib (GPIb), proteolysis by plasmin 
facilitated by plasmin lysine binding regions, 1280-1284 
Platelet membrane glycoprotein IIb/IIIa (GPIIb/IIIa) 
acquired thrombasthenia due to autoantibodies to, 571—576 
analysis of Glanzmann's thrombasthenia and, 173-179 
expression of antigens of, on hematopoietic stem cells, 762-769 
fetal, 488-492 
as major binding site for released platelet VWF, 732-736 
Platelet membrane glycoprotein IIb/IIIa (GPIIb/IIIa) receptor, 
antithrombotic effect of MoABs to, 783-786 
Platelet membrane glycoprotein V (GPV) 1s not a thrombin activa- 
tion receptor in platelets, 720—725 
Platelet membrane potential, repolarization of, after complement 
damage, 556-561 
Platelet membrane protein of low molecular weight associated with 
platelet activation following binding with AG-1, 743—751 
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Platelet prothrombinase, C5b-9-stimulated procoagulant activity 
through, 875-880 
Platelet surface HLA, analyzed with W6/32 anti-HLA MoAb, 
627—632 
Platelet von Willebrand factor, see von Willebrand factor 
PMNs (polymorphonuclear leukocytes), see Neutrophil(s) 
Polycythemia, value of BM erythroid progenitors in, 996-1002 
Polymers, Fg, platelet aggregation by, crosslinked across E domain, 
363-371 
Polymorphic DNA probes in genotypic analysis following BMTs, 
378-385 
Polymorphonuclear leukocytes (PMNs), see Neutrophil(s) 
Posttransfusion purpura (PTP), pathophysiology of, 347—350 
Precursor T lymphoblastic neoplasms, 3A1(CD7) expression pre- 
ceding rearrangement of T cell receptor B-chain gene in, 
134-139 
Pregnancy, functional and immunologic protein S levels decreased 
during, 881—885 
Preleukemic cells, cultured, derived from bone marrow of F-MuLV- 
infected mice, 193-199 
Pretreatment hematocrit, as prognostic variable in HD, 562-564 
Primary infections with LAV in multitransfused patients, 89-94 
Primary systemic amyloidosis (AL), prognosis of, 220—224 
Procoagulant activity, C5b-9 stimulate, through platelet prothrom- 
binase, 875-880 
Progenitor cells, see specific progenitor cells 
Prognosis 
of AMMoL with abnormal eosinophils and 1nv(16) or t(16,16), 
1241-1249 l 
childhood ALL, chromosomal translocations and, 205-212 
HD, pretreatment hematocrit and, 562-564 
and outcome of adult AML, 1232-1241 
of primary systemic amyloidosis, 220-224 
prognostic value of AML-CFUs, 1190-1192 
Proliferative diseases 
of lymph nodes, TcR gene rearrangement in, 330-331 
See also specific types of proliferative diseases 
Prolymphocytic leukemia (PL), immunologic classification of, 
10-11 
Promyelocytic cell lines, see HL-60 cell line 
Prostacyclin, expression of, by continuous cell line derived from 
vascular endothelium, 825-829 
Prostaglandin E (PGE), enhanced proliferation of bone marrow 
BFU-E due to, 126-133 
Prostaglandin E, (PGE;), negative regulatory effects of, reversed by 
dCyd, 1136-1141 
Prostaglandin E, (PGE), inhibition of, restoring defective lympho- 
cyte proliferation and cell-mediated lympholysis ın allogeneic 
BMTs, 102-107 
Prostaglandin (PG) endoperoxides in inhibition of collagen-induced 
platelet activation by FSBA, 565-570 
Protease, heterogeneity of type IIA vWD studied with, 1207-1212 
Protein(s) 
extracellular deposition of eosinophil granule major basic, in 
lymph nodes of patients with Hodgkin's disease, 1250-1254 
GSPHx, selenium-dependent, 640—645 
membrane and a-granule, in plastic-embedded murine marrow 
megakaryocytes and megakaryocyte colonies, 696—702 
p53, expression of, in leukemia and lymphoma, 113-118 
platelet membrane, of low molecular weight, associated with 
platelet activation following binding by AG-1, 743—751 
surface, effects of plasminogen activator by TPA on, 275-280 
structure of TcR a- and 6-chain gene, 327 
Protein C (PC), role of plasminogen activator inhibitors in clot lysis 
dependent on, 1218-1223 
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Protein complement, see Complement 5b-9 
Protein kinase C (PKC) 
calcium- and phospholipid-dependent, not required for secretion 
by neutrophils, 810-817 
IL-3 and direct activators of, stimulate phosphorylation of com- 
mon substrates, 906—913 
pharmacological activators of, and modulation of MO3e expres- 
sion on U-937 and HL-60 cells, 1154-1161 
Protein S 
functional and immunological levels of, decreased during preg- 
nancy, 881—885 
identification of, 737—742 
Proteolysis of GPIb by plasmin facilitated by plasmin lysine binding 
regions, 1280-1284 
Prothrombinase, platelet, C4b-9 stimulate procoagulant activity 
through, 875-880 
PRPP (phosphoribosylpyrophosphate) synthetase, decrease in sub- 
unit of, 1024—1029 
PTP (posttransfusion purpura), pathophysiology of, 347—350 
Purging of BM for BMT in ALL, leukemia diagnosis and testing of 
complement-fixing antibodies for, 1264-1271 
Purpura 
posttransfusion, pathophysiology of, 347-350 
thrombocytopenic, acquired amegakaryocytic, cell-mediated 
megakaryocyte suppression in, 619-626 
Pyruvate kinase (PK), mechanism for decreased nucleotide concen- 
trations in RBCs deficient in, 1024-1029 


Radiation, active inhibitor of hematopotesis sensitive to, ın Sl and SI? 
murine marrow stroma, 1201-1206 
Recombinant granulocyte-macrophage colony-stimulating factor 
(rGM-CSF), effects of, on AML blast cells, 313-316 
Recombinant heavy-subunit ferritins (rHF), and recombinant light- 
subunit ferritins (rLF), influence of, on CFU-GM and 
BFU-E, 1257-1263 
Recombinant o-interferon (rIFNa), HCL therapy with, 293-296, 
492-497 
Recombinant a-A interferon (rIFN a-2a), dCF response after 
failure of, in nonsplenectomized patients with HCL, 297- 
300 
Recombinant interleukin-2 (rIL-2) 
activation of NK function by, in Leu 11+ T y-CLL, 846-852 
malignant cells responsive to, 1065-1073 
Recombinant T cell antigen receptor (TcR), 329 
Red biood cell(s) (erythrocytes) 
dense, see Dense red cells 
effects of vanadate on shape changes in, 1008-1014 
measurement of volume and Hb concentration of individual, 
506-513 
Red blood cell(s) 
PK-deficient, mechanisms of decreased nucleotide concentration 
in, 1024-1029 
quantitative relationship between Heinz body formation and 
deformability of, 1376-1383 
sickle, see entries beginning with term. Sickle 
See also entries beginning with element: Erythro- 
Red blood cell acetylcholinesterase (AChE), structural and func- 
tional differences between DAF and, 680-684 
Red blood cell band 3, anomalous clustering of underglycosylated, in 
CDA H, 521-529 
Red blood cell membrane, effects of 2,3-DPG on mechanical 
properties of, 231—238 
Re595 mutant of Salmonella minnesota, platelet activation by 
endotoxic glycolipids bearing, 1015-1023 
Rejection, decreased incidence of BMT, for severe aplastic anemia, 
1363-1368 
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Relapse, shifts in childhood ALL blast cell phenotype and karyotype 
at, 1306-1310 
Renal cell carcinoma, coagulation-cancer in situ interaction in, 
394-399 
Respiratory bursts, PMN, fluorescent membrane potential 
responses to FMLP correlated with, 611-618 
Reticuloendotheliosis, leukemic, see Hairy cell leukemia 
tGM-CSF (recombinant granulocyte-macrophage colony-stimulat- 
ing factor), effects of, on AML blast cells, 313-316 
Rh blood group, antibodies specific to, in immune hemolytic anemia 
induced by nomifensine, 1285-1288 
rHF (recombinant heavy-subunit ferritins), influence of, on CFU- 
GM and BFU-E, 1257-1263 
rIFNa, see Recombinant a-interferon; Recombinant a-A interferon 
rIL-2, see Recombinant interleukin-2 
Ristocetin 
inhibiting platelet-collagen interaction, 927-937 
sensitivity of, in vWD, 668-672 
type I, New York vWD and increased platelet aggregation 
induced by, 149-156 
TLF (recombinant light-subunit ferritins), influence of, on CFU-GM 
and BFU-E, 1257-1263 
Russell viper venom time (RVVT), dilute, for diagnosis of lupus 
anticoagulants, 869-874 


Salmonella minnesota Re595 mutant, platelet activation by endo- 
toxic glycolipids bearing, 1015-1023 
Selenium, GSHPx protein and activity dependent on, 640-645 
Serum 
denaturant-induced stimulation of 6-migrating plasminogen acti- 
vator inhibitor in, 1298-1305 
growth of persisting colonies in agar cultures of AML and CML 
patient, 37-40 
Serum-free cultures 
production of Ep from cloned erythroid cells, 263-268 
purification of murine Ep produced ın erythroleukemia cell, 
258—262 
Serum spreading factor (vitronectin), identification of, 737-742 
Severe aplastic anemia 
decreased incidence of rejection of BMT for, 1363-1368 
and MTX alone compared with MTX-cyclosporine combination 
in prevention of acute GVHD in BMT for, 119-125 
Severe hemophilia B, intragenic deletion of potential EGF domain in 
factor IX gene in family with, 961—963 
Sézary cell leukemia (cutaneous T cell leukemia), immunologic 
classification of, 9-10 
Sickle cell(s), association between morphologic distortion of, and 
deoxygenation-induced cation permeability increase, 450— 
454 
Sickle cell anemia 
RBC and endothelial cell adherence in, 1052-1054 
a-thalassemia and, 987—988 
Sickle cell disease (HbSS) 
percentage of dense red cells as predictor of incidence of painful 
crisis in, 301-303 
vaso-occlusion in, see Vaso-occlusion in HbSS 
Sickle cell trait (HbAS), a-thalassemia and, 985-986 
Sickle a-globin genes, «-thalassemia in blacks and interactions with, 
985-990 
6-19 (monoclonal antibody), lysis of fibroblast CFCs and endothelial 
cells by, 1196-1200 
16;16 translocation, prognosis of AMMoL with, 1242-1249 
Skin lesions, childhood Ki-l lymphoma presenting with peripheral 
adenopathy and, 1042-1049 
Small, large cell, and lymphocytic malignant lymphomas, diffuse 
mixed, immunologic classification of, 8 
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Small lymphocytic malignant lymphomas, immunologic classifica- 
tion of, 8 
Small noncleaved cell lymphomas, immunologic classification of, 9 
SI (and SI) murine marrow stroma, active radiation-sensitive inhibi- 
tor of hematopoiesis in, 1201-1206 
Spectrin, phosphatidylserine liposomes interaction with, 920-926 
Spleen : 
characterization and autoradiographic distribution of substance P 
receptors in, 1398-1401 
response to dCF after failure of rIFN aA in nonsplenectomized 
patients with HCL, 297-300 
S-protein, see Protein S 
Stem cells, hematopoietic, see Hematopoietic stem cells 
Stroma, SI and SI? murine marrow, active radiation-sensitive inhibi- 
tor of hematopoiesis in, 1201-1206 
Stromal cells, see Bone marrow stromal cells 
Subcellular organelles, separation and analysis of, tn HL-60 cell line, 
442-449 
Subendothelium 
deficiency in platelet membrane GPla associated with decreased 
platelet adhesion to, 692—695 
vessel, defective platelet adhesion on, in uremic patients, 337— 
342 
Substance P receptors, characterization and autoradiographic distri- 
bution of, in spleen, 1398-1401 
Substrates, IL-3 direct activators of PKC stimulate phosphorylation 
of common, 906-913 
SU-DHL-1 cells, MoAbs against, stain malignant cells in histiocytic 
lymphoma, malignant histiocytosis, and HD, 213-219 
Superoxide (O,~), HCCH stimulating production of, in PMNs, 
535-540 
Suppressor thymocytes isolated by CCE, 787-789 
Surface markers 
analysis of, to predict outcome of adult AML, 1232-1241 
in AUL, 658-662 
heterogeneous expression of, by AML cells, 16-17 
Surface phenotypes 
A Leu-11*, Leu 7—, malignant clonal expansion of LGLs with, 
1065-1073 
of AML clonogenic cells, 1188-1189 
correlation between FAB classification and, 15-16 
T cells with mature helper, in LEL, 426—429 
Surface proteins, effects of plasminogen activation by TPA on, 
275-280 
Survival, CSFs enhancing neutrophil and eosinophil, 162-166 
Syngeneic bone marrow transplantation (BMT), model of murine, 
buffy coat cell and gut leukocyte infusions for GALT recov- 
ery in, 1003-1007 
Systemic amyloidosis, primary prognosis of, 220—224 


T cell(s) 
clonable, in T-cell depleted BMT, 770—773 
LEL and, see Lennert’s lymphoma f 
lymphokine from subpopulations of, supporting CFU-GEMM 
and CFU-M formation of, 991-995 
markers of, 3 
recipient immunocompentent, surviving intensive conditioning for 
BMT, 954-956 
T cell acute lymphoblastic leukemia (T-ALL) 
CFCs in, retain dependence on IL-2, 1088-1094 
immunologic classification of, 7-8 
TcR gene rearrangement in, 332 
T cell antigen receptor (TcR) gene, structure of, 1n normal and 
malignant T cells, 327—336 
T cell y-chain gene, structure of, in lymphoproliferative disorders 
and lymphoma cell lines, 592—594 
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Ty cell chronic lymphocytic leukemia (Ty-CLL), Leu 11*, with 
partially activated NK function and further activation by 
rIL-2, 846-852 

T cell-derived differentiation-inducing factor (DIF), proliferation of 
leukemic and normal hematopoietic cells inhibited by, 1333- 
1338 

T cell leukemia (T-CLL), chronic, with unusual cellular characteris- 
tics in ataxia telangiectasia, 577—585 

T cell leukemia (T-CLL) cells, IL-2 producing, autocrine growth of, 
779-782 

T cell leukemia/lymphoma, see Adult T cell leukemia /lymphoma 

T4 (and T8) cell lymphocytosis, TcR gene rearrangement in, 332 

T cell lymphoma 

cutaneous and peripheral, immunologic classification of, 9-10 
TcR gene rearrangement in, 332 
T cell malignancies 
T101 in, 752-761 
See also specific T cell malignancies 

T4* cell(s), PHA-stimulated, IFNy enhancing release of activities 
stimulating GM-CSF, erythroid, and multipotential progeni- 
tors, 1339-1347 

T cell receptor gene in classification of leukemia and lymphoma, 
5-6 

T cell receptor g-chain gene (Tf gene), 3A1 (CD7) expression 
preceding rearrangement of, in precursor T lymphoblastic 
neoplasms, 134-139 

T-CLL, see T cell leukemia 

Ty-CLL (Ty cell chronic lymphocytic leukemia), Leu 11*, with 
partially activated NK function and further activation by 
rIL-2, 846-852 

TcR (T cell antigen receptor) gene, structure of, in normal and 
malignant T cells, 327-336 

Terminal deoxynucleotidyl transferase (TdT), detection of, in PHA- 
stimulated lymphocytes, 310-312 

a-Thalassemia in blacks, and interactions with sickle a-globin genes, 
985-990 

B-Thalassemia, spectrum of, in China and Southeast Asia, 964-966 

B?-Thalassemia in association with y-globin gene quadruplication, 
1394—1397 

68-Thalassemia 

Macedonian, 18-kb to 23-kb ô and £ globin gene deletion in, 
971-974 
novel basis for, in a Chinese family, 1108-1113 

Therapy, see specific conditions and therapeutic modalities 

3A1(CD7), expression of, preceding rearrangement of T cell recep- 
tor -chain gene in precursor T lymphoblastic neoplasms, 

: 134-139 

3q21 translocation associated with hyperactive thrombopoiesis in 
acute blastic transformation of CML, 652-657 

Thrombasthenia 

acquired, due to GPIIb/IIIa autoantibodies, 571-576 
Glanzmann’s, analysis of GPIIb/IIIa and, in whole blood, by flow 
cytometry, 173-179 i 

Thrombasthenic platelets, plasminogen activation by TPA on, 275- 
280 . 

Thrombin, binding and response of, in platelets from patients with 

, dyslipoproteinemia, 498—505 

Thrombin activation receptor of platelets, GPV and, 720—725 

Thrombocytopenic purpura, acquired amegakaryocytic, cell- 
mediated megakaryocyte suppression in, 619—626 

Thrombopoiesis, 3921 translocation associated with hyperactive, in 
acute blastic transformation of CML, 652-657 

Thymic regulation of hematopoiesis, 787—789 

Thymocytes, isolation of helper and suppressor, by CCE, 787—789 

Tissue factor-dependent coagulation, activation of factor VII in, 
685-691 
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Tissue plasminogen activator (TPA), plasminogen activation by, on 
normal and thrombasthenic platelets, 275—280 

T lymphoblastic neoplasms, precursor, 3A1(CD7) expression pre- 
ceding, rearrangement of T cell receptor f-chain gene in, 
134-139 

Ty lymphoproliferative disease, immunologic classification of, 9 

T-Non-Hodgkin’s lymphoma (T-NHL), CFCs 1m, retain depen- 
dence on IL-2, 1088-1094 

T101 (monoclonal antibody) in T cell malignancies, 752-761 

TPA (tissue plasminogen activator), plasminogen activation by, on 
normal and thrombasthenic platelets, 275—280 

Transferrin, circulating, nonrandom distribution of iron in, 157— 
161 

Transfusions, see Blood transfusions ; 

Translocations, see Chromosomal abnormalities 

Transplantations, see Bone marrow transplantations 

Treatment, see specific conditions and treatment modalities 

L-Truodothyronine (L-T3), erythropoietic growth factor release 
from peripheral blood and BM leukocytes augmented by, 
1289-1297 

Tumor cell cytolysis, mediated by peptide defensins of granulocytes, 
1407-1410 

Tumorigenic mast cells, GM-CSF produced by Abelson virus— 
induced, 1073-1081 

12p12 breakpoint, nonrandom involvement of, in childhood ALL, 
69-75 

22-K factor (interleukin-1) induces release of GM-CSA from mono- 
nuclear phagocytes, 1316-1321 

Type I, New York von Willebrand’s disease (vWD), ristocetin- 
induced platelet aggregation and plasma vWF multimers in, 
149-156 

Type I von Willebrand’s disease (vWD), platelet vWF as deter- 
minant of BT in, 58-61 

Type 1a glycogen storage disease (GSD-1a), DDAVP infusions for, 
and associated correction of prolonged BT, 180-184 

Type II congenital dyserythropoietic anemia (CDA IT), anomalous 
clustering of underglycosylated band 3 in erythrocytes and 
their precursor cells in, 521—529 

Type II hyperlipoproteinemia, thrombin binding and response to 
platelets from patients with, 498—505 

Type IIA von Willebrand’s disease (vWD), heterogeneity of, studied 

` with protease inhibitors, 1207-1212 

Type IIF von Villebrand's disease (vWD), multimeric structure of 

plasma and platelet vWF in, 269-274 


Ulex europaeus agglutinin (UEA), AML progenitor cells character- 
ized by, 41-45 

Underglycosylated erythrocyte band 3, anomalous clustering of, in 
CDA II, 521-529 

Undifferentiated leukemia, acute, analysis of surface markers and Ig 
gene rearrangement in, 658-662 

U-937 (cell line), modulation of expression of MO3e antigen on, 
stimulated by pharmacologic activators of protein kinase C, 
1154-1161 

Umpotent colony-forming cells, L4F3 antigen expressed by, 1030- 
1035 
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Unrelated donors 
DLA-nonidentical, LGLs and resistance to grafts of marrow 
from, 861—868 
histocompatible volunteer, HLA-nonidentical family donors com- 
pared with, in BMT for aplastic anemia and leukemia, 
1322-1329 
Uremia, defective platelet adhesion on vessel subendothelium in, 
337-342 


Vanadate, effects of, on endocytosis and shape changes of erythro- 
cytes, 1008-1014 
Vascular endothelium, continuous cell line derived from, in prosta- 
cyclin expression, 825-829 
Vaso-occlusion in HbSS 
as evidence for selective trapping of dense red cells, 1162-1166 
fibrin D-dimer level as marker of, 317-319 
Vasopressin, 1-deamino-8-D-arginine, infusions of, for GSD-1 and 
associated correction of prolonged bleeding time, 180-184 
Verapamil, effects of, on intracellular retention and accumulation of 
DNR in ANLL blast cells, 83-88 
Vessel subendothelium, defective platelet adhesion on, m uremia, 
337-342 
Viper venom time, dilute Russell, for diagnosis of lupus anticoagu- 
lants, 869-874 
Vitronectin (serum spreading factor), identification of, 737—742 
Von Willebrand factor (vWF) 
covalent crosslinking of, to fibrin, 95-101 
enhancing platelet-collagen interaction, 927-937 
GPITb/IIIa as major binding site for released, 732—736 
plasma, see Plasma von Willebrand factor 
Von Willebrand factor (vWF)-von Willebrand's disease (vWD) 
relationship 
absence of tubular structures and immunolabeling for vWF in 
platelet a-granules from porcine vWD, 774—778 
as determinant of BT in type ] vWD, 58-61 
vWD and vWF multimers in plasma, 149-156, 269-274, 668— 
672 
Von Willebrand’s disease (vWD) 
ristocetin and, see Ristocetin 
type I, see Type I, New York von Willebrand’s disease; Type I von 
Willebrand’s disease 
type II, see Type ITA von Willebrand’s disease; Type IIF von 
Willebrand’s disease 
See also Von Willebrand factor-von Willebrand’s disease rela- 
tionship 
vWD, see Von Willebrand’s disease 
vWF, see Von Willebrand factor 


WAS (Wiskott-Aldrich syndrome), morphology of lymphocytes in, 
1329-1332 

Whole blood, analysis of GPIIb/IIIa and Glanzmann's thrombas- 
thenia in, by flow cytometry, 173-179 

Wiskott-Aldrich syndrome (WAS), morphology of lymphocytes in, 
1329-1332 

Work performance, iron deficiency and low, 805-806 

W6/32 (anti-HLA monoclonal antibody), platelet surface HLA 
analyzed with, 627-632 
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For Alexander, 

who cant produce 
enough antibodies 
to fight infection... 


Young or old, patients without sufficient levels of 
antibodies face overwhelming infection. . . and 
they urgently need help. Aggressive IGIV 
treatment with GAMIMUNE" N gives these 
patients the edge that may make the difference: 
antibodies against major bacterial, viral and fungal 
pathogens, in just minutes. 

For patients like Alexander, GAMIMUNE* N 
provides premium IGIV: immune globulin that 
contains at least 98% pure gamma globulin’; 
unmodified "native" IgG with immunologic 
activity of normal plasma; and documented in 
vitro inactivation of HTLV-II virus* during 
fractionation from plasma to final gamma 
globulin. 

When patients don't have enough antibodies 
to fight infection, like Alexander, it's nice to know 
that GAMIMUNE' N does. 


Aggressive IGIV treatment in 
immunodeficiency syndromes. 
Also for both chronic and 

acute ITP in children and adults. 





Gamimune N 


Immune Globulin 
Intravenous (Human) 596 
(in 10% Maltose), pH 4.25 


No more expensive than 
other IGIV therapv, 
GAMIMUNE" N may, in 
some cases, be less 
expensive. À contributing 








factor is that GAMIMUNE® N 
is a convenient, ready-to-use, 





liquid formulation that saves 
valuable pharmacy time. 


No premium cost 
for TODAY'S 
State-of-the-Art 
IGIV 











"The Cohn-Oncley process used to produce 
GAMIMUNE?* N has been ch d f 








vitro with a virus spike of 1 x 10° « 
and found to remove and/or inacti 
viral challenge. In addition, GAMP 
undergoes an incubation s 
container which has been shown to effect a 
additional 1 x 10° to 1 x 10* reduction of 
HTLV-I? In a separate study of intravenous 
immune globulins conducte: "ood and 
Drug Administration, an in ilenge at 
each of the six Cohn-Oncley frac 
steps using HTLV-HI demonstrated : 
cumulative reduction of greater than 1 x 103 
infectious units. * 
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Please see following page for brief summary 
of prescribing information. 


Gamimune N 


Immune Globulin 
Intravenous (Human) 5% 
(in 10% Maltose), pH 4.25 


CLINICAL PHARMACOLOGY 

Gamimune® N supplies a broad spectrum of opsonic and neutralizing IgG antibodies for 
the prevention or attenuation of a wide variety of infectious diseases. As Gamimune® N is 
administered intravenously, essentially 100% of the infused IgG antibodies are immedi- 
ately available in the recipient's circulation. A relatively rapid fall in serum IgG level in the 
first week post-infusion is to be expected; this decrease averages 50% of the peak level 
achieved immediately post-infusion and is mainly due to the equilibration of IgG between 
the plasma and the extravascular space. The in vivo half-life of Gamimune® N equals or 
exceeds the three week half-life reported for IgG in the literature, but individual! patient 
variation in half-life has been observed. Thus, this variable as well as the amount of 
immune globulin administered per dose is important in determining the frequency of 
administration of the drug for each individual patient. 

The intravenous administration of solutions of maltose has been studied by severai 
investigators. Healthy subjects tolerated the infusions well, and no adverse effects were 
observed at a rate of 0.25 g maltose/kg body weight per hour. In safety studies conducted 
by Cutter Biological, infusions of 10% maltose administered at 0.27-0.62 g maitose/kg 
per hour to normal subjects produced either mild side effects (e.g.. headache) or no 
adverse reaction. Following intravenous administrations of maltose, maltose was 
detected in the peripheral blood; there was a dose-dependent excretion of maltose and 
glucose in the urine and a mild diuretic effect. These alterations were well tolerated with- 
out significant adverse effects. The highest recommended infusion rate, 0.08 mL/kg 
body weight per minute (see DOSAGE AND ADMINISTRATION), is equivalent to 0.48 g 
maltose/kg body weight per hour. 

The buffer capacity of Immune Globulin Intravenous (Human) 5% (in 10% Maltose), pH 
4.25—Gamimune"* Nis 16.5 mEq/L ( — 0.3 mEq/g protein); a dose of 150-400 mg/kg (3-8 
ml/kg) body weight therefore represents an acid load of 0.0495-0.1320 mEq/kg body 
weight. The total buffering capacity of whole blood in a normal individual is 45-50 mEq/L 
of blood. or 3.6 mEq/kg body weight. Thus, the acid load delivered in the largest dose of 
Gamimune* N would be neutralized by the buffering capacity of whole blood alone, even if 
the dose were infused instantaneously. (An infusion usually lasts several hours.) 

In Phase i human studies, no change in arterial blood pH measurements was detected 
following the intravenous administration of Gamimune* N at a dose of 150 mg/kg body 
weight; following a dose of 400 mg/kg body weight in 37 patients, there were no clinically 
important differences in mean venous pH or bicarbonate measurements in patients who 
received Gamimune* N compared with those who received a chemically modified intra- 
venous immunoglobulin preparation with a pH of 6.8 

In patients with límited or compromised acid-base compensatory mechanisms, consid- 
eration should be given to the effect of the additional acid load Gamimune* N might 
present. 

INDICATIONS AND USAGE 

immunodeficiency Syndromes: Gamimune" N is indicated for the maintenance treat- 
ment of patients who are unable to produce sufficient amounts of IgG antibodies. Usage 
of Gamimune* N may be preferred to that of intramuscular immunoglobulin preparations, 
especially in patients who require an immediate increase in intravascular immunoglobulin 
levels, in patients with a small muscle mass, and in patients with bleeding tendencies in 
whom intramuscular injections are contraindicated. It may be used in disease states such 
as congenital agammaglobulinemuia (e.g. X-linked agammaglobulinemia). common varia- 
ble hypogammaglobulinemia, X-linked immunodeficiency with hyper IgM and in severe 
combined immunodeficiency. 

Idiopathic Thrombocytopenic Purpura (ITP): Investigations in both children and adults 
have shown that Gamimune* N may initiate a therapeutic increase in the platelet count. In 
clinical studies of Gamimune® N, five of six (83.396) children and 10 of 16 (62.5%) adults 
with acute or chronic ITP demonstrated clinically significant increments in the platelet 
count during or following an initial treatment course with Gamimune* N at a dose of 400 
mg/kg body weight daily for five days. The duration of the platelet rise following treatment 
of ITP with Gamimune® N was variable. ranging from several days up to 12 months or 
more. Several ITP patients demonstrated continuing responsiveness over many months 
to intermittent Gamimune* N 400 mg/kg body weight single dose maintenance courses. 

Two of three children with acute ITP treated with Gamimune* N rapidly went into complete 
remission. However, childhood ITP may respond spontaneously without treatment Four 
patients with refractory ITP were able to urtllergo major surgical procedures as a result of 
the rapid rise in platelet count associated with Gamimune* N treatment. 

in addition, one patient with severe thrombocytopenia due to post-transfusion purpura 
(PL^! alloimmune antibody with platelet anti PL^! specificity) also responded to treatment 
with Gamimune® N, at a dose of 400 mg/kg body weight daily for 5 days. there was a rapid 
ríse in the platelet count commencing on the third day of treatment. 

it is presently not possible to predict which patients with ITP will respond to therapy. 
atthough the increase in platelet counts in children seems to be better than that of adults 
in clinical situations in which a rapid rise in platelet count is needed to contro! bleeding or 
to allow a patient with ITP to undergo surgery, administration of Immune Globulin intra- 
venous (Human) 5% (in 10% Maitose). pH 4.25—Gamimune* N should be considered: in 
patients in whom a response tS achieved, the rise of platelets is generally rapid (within 1-5 
days), transient (most often lasting from several days to several weeks) and should not be 
considered curative. In some patients who relapse. a maintenance dose of Gamimune* N 
administered every several weeks may be of benefit once the platelet count decreases to 

„&linically hazardous levels (see DOSAGE AND ADMINISTRATION). 

CONTRAINDICATIONS 

Gamimune® N is contraindicated in individuals who are known to have had an anaphylactic 
or severe systemic response to Immune Globulin (Human). individuals with selective IgA 
deficiencies who have known antibody against IgA (antr-igA antibody) should not receive 
Gamirmnune* N since these patients may experience severe reactions to the IgA which may 
be present. 


WARNINGS 
Gamimune* N should be administered only intravenously as the intramuscular and subcu- 
taneous routes have not been evaluated. 

Gamimune* N may, on rare occasions, cause a precipitous fail in blood pressure and a 
clinical picture of anaphylaxis, even when the patient is not known to be sensitive to 
immune globulin preparations. These reactions may be related to the rate of infusion. 
Accordingly, the infusion rate given under DOSAGE AND ADMINISTRATION should be 
closeiy followed, at least until the physician has had sufficient experience with a given 
patient. The patient's vital signs should be monitored continuously and careful observa- 
tion made for any symptoms throughout the entire infusion. Epinephrine should be avail- 
able for the treatment of an acute anaphylactic reaction 
PRECAUTIONS 
General: Any vial that has been entered should be used promptly. Partially used vials 
should be discarded. Do not use if turbid. Solution which has been frozen should not 
be used. 

Drug interactions: If dilution is required, Gamimune* N may be diluted with 5% dextrose 
in water (D5/W). No other drug interactions or compatibilities have been evaluated. It is 
recommended that infusion of Gamimune* N be given by à separate line, by itself, without 
mixing with other intravenous fluids or medications the patient might be receiving. 
Pregnancy Category C: Animal reproduction stucies have not been conducted with 
Gamimune* N. It is not known whether Gamimune* N can cause fetal harm when admin- 
istered to a pregnant woman or can affect reproduction capacity, Gamimune* N should 
be given to a prenant woman only if clearly needed. 

ADVERSE REACTIONS 

In a study of 37 patients with immunodeficiency syndromes receiving Gamimune® N at a 
monthly dose of 400 mg/kg body weight, reactions were seen in 5.296 of the infusions of 
Gamimune® N. Symptoms reported with Gamimune* N included malaise, a feeling of 
faintness, fever, chills, headache, nausea, vomiting, chest tightness, dyspnea and chest, 
back or hip pain. In addition. mild erythema following infiltration of immune Globulin Intra- 
venous (Human) 5% (in 10% Maltose), pH 4.25-—Gamimune* N at the infusion site was 
reported in some cases. 

in further studies of Gamimune® Nin the treatment of both adult and pediatric patients 
with ITP systemic reactions were noted in only 4 of 154 (2.696) infusions, and all but one 
occurred at rates of infusion greater than 0.04 mL/kg body weight per minute. The symp- 
toms reported included chest tightness, a sense of tachycardia (pulse was 84 beats per 
minute), anda burning sensation in the head; these symptoms were all mild and transient. 
Erythema. pain, phlebitis, or eczematous reactions at the infusion site were also reported 
following infusion of Gamimune* N to adult ITP patients. These reactions occurred in 
11.6% of the infusions of Gamimune* N and in 43.8% of the adult ITP population. No 
pediatric patients experienced localized reactions at the infusion site. 

In the studies undertaken to date, other types of reactions have not been reported with 
Gamimune® N. It may be, however, that adverse effects will be similar to those previously 
reported with intravenous and intramuscular immunoglobulin administration. Potential 
reactions, therefore, may also include anxiety, flushing, wheezing. abdominal cramps, 
myalgias. arthralgia, and dizziness; rash has been reported only rarely. Reactions to intra- 
venous immunoglobulin tend to be related to the rate of infusion. 

True anaphylactic reactions to Gamimune* N mav occur in recipients with documented 
prior histories of severe allergic reactions to intramuscular immunoglobulin. but some 
patients may tolerate cautiously administered intravenous immunoglobulin without 
adverse effects. Very rarely an anaphylactoid reaction may occur in patients with no prior 
history of severe allergic reactions to either intramuscular or intravenous 
immunoglobulin. 

DOSAGE AND ADMINISTRATION 

immunodeficiency Syndromes: The usual dosage of Gamimune* N for prophylaxis in 
immunodeficiency syndromes is 100—200 mg/kg (2-4 mL/kg) of body weight adminis- 
tered approximately once a month by intravenous infusion. It the clinical response is 
inadequate, or the level of IgG achieved in the circulation is felt to be insufficient, the 
dosage may be given more frequently or increased as high as 400 mg/kg (8 mL/kg) 
body weight. 

Idiopathic Thrombocytopenic Purpura: An increase in platelet count has been observed 
in children and some adults with acute or chronic ITP receiving Gamimune® N, 400 mg/kg 
body weight daily for five days. A response usually occurs within several days and is main- 
tained for a variable period of time. In general a response is seen less often in adults than 
in children. In patients who have shown à response. a maintenance dose of Gamimune* N 
of 400 mg/kg body weight administered as a single dose every several weeks may be of 
benefit once the platelet count decreases to clinically hazardous levels. 

investigations indicate that Gamimune* N is well-tolerated and less likely to produce 
side effects when infused at the indicated rate. It is recommended that Gamimune* N be 
infused by itself at a rate of 0.01 to 0.02 mL/kg body weight per minute for 30 minutes; if 
well tolerated, the rate may be gradually increased to a maximum of 0.08 mL/kg body 
weight per minute. If side effects occur, the rate may be reduced, or the infusion inter- 
rupted until symptoms subside. The infusion may then be resumed at the rate which is 
comfortable for the patient. 

Parenteral drug products should be inspected visually for particulate matter and discoi- 
oration prior to administration, whenever solution and container permit 

US. License No. 8 


n TD 
REFERENCES: 1. GAMIMUNE* N Package insert. 2. Mitra G. Wong MF. Mosen MM, et al: 
Elimination of infectious retrovirus during preparation of immunoglobulins. Submitted for 
publication in Transfusion. 3. Wells MA, Wittek AE, Epstein JS, et al: Inactivation and parti- 
tion of human T-cell lymphotropic virus. type Ill, during ethanol fractionation of plasma. 
Transfusion 1986. 26/2): 210-213. 
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MEET YOUR NEWEST BLOOD BANKER. 


THE OLYMPUS PK7100 FULLY AUTOMATED PRETRANSFUSION BLOOD TESTING SYSTEM 
Today, with the increased demand in on the terraces for extremely accurate 
blood testing for transfusion purposes, automated readings, the terraced 
blood bankers suddenly need new help. design provides more stable agglutination/ 
The Olympus PK7100 non-agglutination p 
is the solution. It 
automatically performs 
simultaneous routine 
blood typing (ABO 
and RH), freeing 
experienced blood 
bankers to perform 
additional tests for the 
increased incidence 


















And the PK7100 is backed 
with Olympus' complete sup- 
port package and extensive 
field service network 
Other PK7100 features include: 

* Full data processing capability: 

















data storage; Video mon 









of infectious agents High speed printer, RS-2 
(Hepatitis, HTLV-IH, interface; Triple-chec 
etc.). 

The PK7100 analyzes up to 240 samples/ 
hour, and features the revolutionary and pa- diluent and reagents). e Virtually 
tented Olympus “Terraced” Microtiter Plate, disposables/consumables. e Advanced 
which reduces reagent consumption and compact design (for easy placement, easy 
holds celis more firmly in place during less access, and efficient workstation operation). 
delicate handling. And while the high dis- For further information cali TOLL FREE * 
crimination PK7100 takes multiple readings 800-223-0125 or 800-626-0236 (in NY). 

Olympus Corporation, Clinical Instruments Division n 


We're committed because you're dedicated. 


~ Take the pain ` 
out of publishing, 





Let REFERENCE MANAGER do it for you! 


© Provides total management of your 
personally selected references. 


* Interfaces with national data bases. 


© Locates references you can't find and 
organizes reprint files. 
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COLON AND 
RECTUM CANCER 
IS THE CANCER TELL ME 
NO ONE WANTS WHEN YOU'RE 
TO TALK ABOUT. FINISHED. 


| / 


ig 
Um 
WELL THEN, AT LEAST 

READ ABOUT IT... 

ABOUT A SIMPLE TESTING 
PROCEDURE... ABOUT HOW 
EARLY DETECTION 

CAN SAVE LIVES... 








BUT WHY DIDN'T 
WE TALK ABOUT 
THIS BEFORE? 



















e Numbers citations in the text of your 
paper, sequentially or alphabetically. 
Can even put authors’ names in text. 
e Assembles formatted bibliographies 
according to publishers’ specifications. 
Your paper is ready to send off. 
ETT ETE 
Please contact RESEARCH INFORMATION SYSTEMS, INC. 


1991 Village Park Way, Suite 206 
Encinitas, California 92024 


oll free 1-800-722-1227 1-619-753-3914 in California 





LET'S TALK. For a free booklet 
on colon & rectum cancer, 
contact your local ACS office. 


American Cancer Society 





This space contributed as a public service. 
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Coulter Immunology a division ot Coulter Corporation 
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NEW PRODUCTS AND CONJUGATES 





EXPAND YOUR 
















































































FITC RD1 | 
e e 
: i: ELL SURFACE STUDIES 
e e | 
— —1 —i-, WITH TWELVE 
ie] ODUCTS 
: _—:— NEW PRODUCTS. 
e e 
B4 * e 
MO z FROM A SINGLE SOURCE. 
MY9 * e 
i2 e e Coulter offers the broadest line of monoclonal 
I3 e * antibodies and now provides you 12 new conju- 
J5 e * | gates with a phycoerythrin derivative (RD1) or 
PCA-1 * | fluorescein (FITC). This chart represents a par- 
MslgG1 . e tial listing of COULTER CLONE’ monoclonal 
MslgG2a ° . | antibodies. Coulter Immunology offers many 
|... MslgG2b * | innovative and unique products that include the 
| MslG —— — : *  ., first T4 subset markers, 4B4 and 2H4. The first 
L.. MsigM s : B-cell specific antibodies. The first complete line 
[Existing conjugates., New products and conjugates. | of isotypic controls. The first and only Natural 
MS MORE COMING SOON, | Killer cell-specific monoclonal antibodies. Coul- 








ter Immunology can provide you with total sup- 
port for your cell surface phenotyping studies, - 
giving you the most reliable, precise, and accu- 
rate answers with state-of-the-art technology. 


e Conserve volume of cell preparation by reducing ot 

YOU R CHOICE sample size 50%. m 
e Achieve optimal color configuration for 

OF CONJU GATES combination studies such as T4/2H4 and T4/4B4. 
e Save time with dual color analysis. 
e Increase flexibility and convenience when 
FOR 2/00 LOR designing test protocols. 

e Study activation states of Total T-cells (T11/Ta1 


ANALYSIS. ee Es or immunocompetent T-cells (T3/Ta1 


ORDERING INFORMATION. Call us toll-free for additional product information and a copy of our Price List: 
1-800-327-3778 (U.S.) or 1-800-432-6518, Ext. 6880 (Florida). For research use only; not for diagnostic or 
therapeutic use. COULTER CLONE isa registered trademark of Coulter Corporation. Copyright 1986. Coulter 
Immunology, 440 West 20th Street, Hialeah, FL 33010. 


CHIEF 


Pediatric Hematology /Oncology 


The Pediatrics Department of the Mount Sinai 
School of Medicine is seeking a Board-certified 
hematologist /oncologist as Chief of an academic 
division which includes an active clinical pro- 
gram. Rank and salary commensurate with expe- 
rience. Position available immediately. Other 
faculty positions in the division are also avail- 
able. Please send c.v. to Kurt Hirschhorn, M.D., 
Chairman, Department of Pediatrics, One Gus- 
tave L. Levy Place, New York, NY 10029. An 
Equal Opportunity Employer. 


The Mount Sinai 
Medical Center 





Medical Director 
Regional Cancer Center 


We are seeking a Medical Director for a Cancer 
Center serving a population of over one million 
located in the Southeastern United States. 

The Center is the result of community interest and 
involvement in providing cancer diagnosis and treat- 
ment through a unique model that combines the 
resources and strengths of community hospitals and 
a university-based, N.C.i.-designated Comprehen- 
sive Cancer Center. 

The Director must have extensive Oncology expe- 
rience which includes patient care. The Director is to 
develop the medical aspect of services to be ren- 
dered and must possess proven communication 
skills. 

Please submit a curriculum vitae in confidence 
with references to: 


Medical Director— Search Division 
VHAE Consulting Services 

4919 Memorial Highway, Suite 200 
Tampa, Florida 33634 











FACULTY POSITION— 
HEMATOLOGY 


Department of Medicine, The Milton 
S. Hershey Medical Center of The 
Pennsylvania State University seeks 
full-time board certified internist/ 
hematologist at Assistant Professor 
level, with interest in hemophilia and 
AIDS research, for teaching and 
patient care responsibilities. Send C.V. 
by January 15, 1987, to Box B, Chief, 
Division of Hematology, The Milton S. 
e Medical Center, P.O. Box 850, 
ershey, PA. Equal Opportunity/ 
Affirmative Action Employer. 
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Immune Globulin 
Intravenous (Human) 





E 


Second Generation efficacy 
for immune deficiency. 


Its our process thats second generation. Electro- 
static binding—not chemical modification or acid 
pH treatment—is used in the purification of the 
gamma globulin molecule. Results: GAMMAGARD 
IGIV retains native immunoglobulin G antibody 
activities, as well as the normal distribution of IgG 
subclasses. 
A broad spectrum of clinical pathogens 
succumb rapidly (in mice) to the high titers of 
antibody in GAMMAGARD IGIV. And large concen- 
trated doses can be administered quickly and safely 
without muscle trauma. Peak levels of IgG are 
reached immediately after infusion. 
State-of-the-art ion exchange technology is 
combined with the well-established Cohn-Onciey 
Fractionation Process to produce GAMMAGARD 
IGIV. Effect: A very high degree of purity In fact 
the amounts of IgA and IgM are so low that today 
GAMMAGARD IGIV is tbe only IGIV product 
not contraindicated in selective IgA deficiency. 
High ethanol concentrations are used in the 
process in four sequential purification steps, and 
all plasma is screened for alanine aminotransferase 
(AIT), HTLV-II antibody, and HBsAg. GAMMAGARD 
IGIV needs no preservative. 
When your immunocompromised patients 
require protection, think of GAMMAGARD 
IGIV—the IGIV with full functional activity in all 
IgG subclasses; with remarkably high titers for an 
impressive variety of pathogens; with high levels of 
purified IgG monomer and very low levels of IgA 
antibody—in short the IGIV with the efficacy purity 
and safety your patients must have. 
GAMMAGARD? 
Immune Globulin Intravenous ( Human ) 
From 

TRAVENOL LABORATORIES, INC. 
TK HYLAND THERAPEUTICS DIVISION 

GLENDALE, CA 91202 U.S.A. 
For further information call 
800/423-2090; from California, 
800/232-2200. 
See following page for full 
prescribing information. 



































DIRECTION INSERT 


immune Globulin Intravenous (Human) 
AMMAGARD® 


DESCRIPTION 

Immune Globulin intravenous (Human), 
GAMMAGARD® is a sterile, dried, highly purified 
preparation of immunoglobulin which is derived from 
the cold ethanol fractionation process and is further 
purified using ultrafiltration and ion exchange adsorp- 
tion. When reconstituted with the appropriate volume 
of diluent, this preparation contains approximately 50 
mg of protein per mL, of which at least 90% is gam- 
ma globulin. The reconstituted product contains ap- 
proximately 1% sodium chloride, not more than 20 
mg/ml. glucose, not more than 0.2 g/dL PEG, and 
0.3M glycine as a stabilizing agent. It has a pH of 
68+04. 

The manufacturing process for Immune Globulin 
intravenous (Human), GAMMAGARD, isolates 
gamma globulin without additional chemical or 
enzymatic modification and the Fc portion is main- 
tained intact. Immune Globulin Intravenous (Human), 
GAMMAGARD contains all the immunoglobulin G 
antibody activities which are present in the donor 
population. On the average the distribution of IgG 
subclasses present in this product is the same as 
is present in normal plasma.’ Immune Globulin Intra- 
venous (Human), GAMMAGARD contains only trace 
amounts of IgM and IgA. 

Immune Globulin Intravenous 
GAMMAGARD, contains no preservative. 

This product has been prepared from large pools 
of human plasma which was taken only from donors 
found to have normal levels of alanine aminotrans- 
ferase (ALT). Each unit of plasma used in the 
manufacture of this product has been found to be 
nonreactive for HBsAg and HTLV-II Antibody by FDA 
approved tests. 


CLINICAL PHARMACOLOGY 

Immune . Globulin Intravenous (Human), 
GAMMAGARD contains a broad spectrum of IgG 
antibodies against bacterial and viral agents that are 
capable of opsonization and neutralization of mi- 
crobes and toxins. 

Peak levels of IgG are reached immediately after 
infusion of. Immune Globulin Intravenous (Human), 
GAMMAGARD. It has been shown that IgG is 
distributed relatively rapidly between plasma and 
extravascular fluid until approximately half of the total 
body pool is partitioned in the extravascular space. 
A rapid initial drop in serum level is, therefore, to be 
expected.? 

As a class, IgG survives longer in vivo than other 
serum proteins.?.3 Studies show that the half-life of 
immune Globulin Intravenous (Human), 
GAMMAGARD is approximately 24 days. These 
findings are consistent with reports of a 21 to 25 day 
half-life for 19G.2,3.4 The half-life of IgG can vary con- 
siderably from person to person, however. In par- 
ticular, high concentrations of IgG and hyper- 
metabolism associated with fever and infection have 
been seen to coincide with a shortened half-life of 
lgG.2,3,4,5 


(Human), 


INDICATIONS AND USAGE 
Anfbody Deficiency 
immune Globulin Intravenous (Human), 


GAMMAGARD is efficacious in the treatment of 

primary immunodeficient states in which severe 

impairment of antibody forming capacity has 
a 


been shown, such as: congenital agammaglobu- 
linemias, common variable immunodeficiency, 
Wiskott-Aldrich syndrome, and severe combined 
immunodeficiencies. 4. 

immune Globulin Intravenous (Human), 
GAMMAGARD is especially useful when high levels 
or rapid elevation of circulating gamma globulins 
are desired or when intramuscular injections are 
contraindicated. 


CONTRAINDICATIONS 
None known. 


WARNINGS 

Immune Globulin Intravenous (Human), 
GAMMAGARD should only be administered intra- 
venously. Other routes of administration have not 
been evaluated. 

Immune Globulin Intravenous (Human), 
GAMMAGARD contains very low quantities of IgA 
(not more than 10 g/mL) and although no instances 
of anaphylaxis associated with the use of this pro- 
duct have been observed during the clinical trials such 
reactions have been observed with other im- 
munoglobulin products.5.6 immune Globulin In- 
travenous (Human), GAMMAGARD should be given 
with caution to patients with antibodies to IgA or 
selective IgA deficiencies. 


PRECAUTIONS 


Drug Interaction 

Admixtures of Immune Globulin Intravenous 
(Human), GAMMAGARD with other drugs have not 
been evaluated. It is recommended that Immune 
Globulin Intravenous (Human), GAMMAGARD be ad- 
ministered separately from other drugs or medica- 
tion which the patient may be receiving. 


Pregnancy Category C 

Animal reproduction studies have not been con- 
ducted with Immune Globulin intravenous (Human), 
GAMMAGARD. It is also not known whether Immune 
Globulin Intravenous (Human), GAMMAGARD can 
cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Immune 
Globulin intravenous (Human), GAMMAGARD should 
be given to a pregnant woman only if clearly needed. 


ADVERSE REACTIONS 

The incidence of untoward reactions to Immune 
Globulin Intravenous (Human), GAMMAGARD is low, 
although various minor reactions, such as head- 
ache, fatigue, chills, backache, lightheadedness, fever 
and nausea were occasionally observed during our 
Clinical trials. The incidence of these reactions dur- 
ing the clinical trials was less than 6%. Slowing or 
stopping the infusion usually allows the symptoms 
to disappear promptly. 

Immediate anaphylactic and hypersensitivity re- 
actions due to previous sensitization, although they 
have not been observed during the clinical trials are 
a possibility. Epinephrine should be available for treat- 
ment of any acute anaphylactoid reaction. (See 
WARNINGS). 


DOSAGE AND ADMINISTRATION 


Antibody Deficiency 

For patients with primary immunodeficiencies, 
monthly doses of at least 100 mg/kg are recom- 
mended. Initially, patients may receive 200-400 
mg/kg. As there are significant differences in the half- 
life of IgG among patients with primary immunodefi- 
ciencies, the frequency and amount of immuno- 
globulin therapy may vary from patient to patient. The 
proper amount can be determined by monitoring 


serum IgG levels before each dose, to insure that the 
do not drop below 500 mg/dL. 


Rate of Administration 

it is recommended that initially a rate of 05 mL/k 
per Hr be used. If infusion at this rate causes th 
patient no distress, the administration rate may § 
Negra increased but should not exceed 4 mL/k 
per Hr. 

A rate of administration which is too rapid më 
cause flushing and changes in pulse rate and biog 
pressure. Slowing or stopping the infusion usual 
allows the symptoms to disappear promptly. — 
Administration 

immune Globulin Intravenous (Human 
GAMMAGARD should be administered as soon afte 
reconstitution as possible. Administration should bi 
gin not more than 2 hours after reconstitution. 

The reconstituted material should be at rooi 
temperature during administration. 

Parenteral drug products should be inspecte 
visually for particulate matter and discoloration prit 
to administration, whenever solution and contain 
permit. 

Follow directions for use printed on the administr. 
tion set container. If a Hyland set is not used, mal 
sure the administration set contains an adequate filte 


How Supplied 

Immune Globulin intravenous (Human 
GAMMAGARD is supplied in either 2.5 g or 50 g sing 
use vials. Each vial of Immune Globulin Intravenot 
(Human), GAMMAGARD is furnished with a suitab 
volume of Sterile Water for Injection, USP, a transfi 
device and an administration set which contains c 
integral airway and a 15 micron filter. 


Storage 

Immune Globulin Intravenous (Human 
GAMMAGARD should be stored under ordina 
refrigeration, (2 to 8 °C, 36 to 46 °F). Freezing shou 
be avoided to prevent the diluent bottle from breakin 
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Human recombinant erythropoietin 
for tissue culture, where quality is 
not compromised for price! 
Compare for yourself! You'll find: 

* Highest Product Performance 

* Consistency Lot-to-lot 

e No Inhibitory or Toxic Effects | 

* Best Price / Quality Value | Human recombinant erythropoietin 
Unit for unit your research dollar | for research applications requiring a 
goes tanner wan ORO | homogeneously purified preparation. 
" * Highest Available Purity (79596) 
* Unparalleled Specific Activity 

(270,000 U/mg) 

* Protein Free Formulation 
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Amgen Biologicals / 1900 Oak Terrace Lane / Thousand Oaks, CA 91320 
Toll Free 800-343-7475 / In California 805-499-5725 


CAUTION: For research use only in laboratory animals or in vitro testing. Not for diagnostic or human us 
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INTRODUCING 


FACScan 


The flow cytometer 
that fits in every lab. 


Theres room in every laboratory 
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AvTO MATIC 
SET UP 





for FACScan. 

FACScan takes a minimum of bench 
space, yet it delivers the performance 
of larger, more expensive instruments. 

Like larger flow cytometers, FACScan 
uses an argon-ion laser for 5-parameter 
analysis. 

Unlike larger instruments, FACScan 
plugs right in. You don't need an external 
compressed air or water supply. 

FACScan is also easy to use. You can 
readily perform a variety of clinical 
research applications, including lympho- 
cyte phenotyping, immune monitoring, 
DNA analysis, reticulocyte counting, 
and platelet studies. 





* 
Fer research use only. Not for use in dagnost;e or 
therapeutic procedures, g: on 





Superior Quality 





APPLICATION 
SOFT WARE, 





Set up and operation are automated 
with CONSORT ™ 30 applications soft- : 
ware. And you can even automate sample ^ 
introduction with the FACS™ AutoMATE." 

Of course, FACScan is supported 
by Becton Dickinson's complete line 
of Leu monoclonal reagents, training and 
applications specialists, and expert 
field service. 

FACScan. The flow cytometer that fits 
in every lab. 

Contact your Becton Dickinson: 
immunocytometry Systems Represen- 
tative for complete information. Or call 
the toll-free number below. 











Becton Dickinson Immunocytometry Systems 
PO. Box 7375 Denderstraat 24 
A plc A CA 94039 — 8-9440 Erembodegem 
Toll Free (800) 223-8226 Belgium 

In CA, call (809) 821-9796 — Tel 353/787830 
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